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Preface 


I’apcis  covered  hnsic  and  applied  issues  related  to  human  factors  and  device  integiation.  Three  papers 
considered  the  ergonomics  of  helmet  design  and  the  snugness  of  fit  to  the  head  and  the  integration  of  new 
helmet  mounted  devices  with  existing  equipment.  Two  papers  considered  the  effeets  of  novel  helmet 
ilesigns  on  the  pilot's  ability  to  control  head  position  and  avoid  fatigue.  Two  papers  reported  in-flight 
testing  of  human  performance  using  novel  devices.  Several  other  papers  considered  the  human  factors  of 
visual  performance  related  to  such  topics  as  degree  ofbi'iocular  overlap,  overall  field  of  view,  and  ability 
to  maintain  level  flight.  Other  papers  considered  i.ssues  of  the  naiure  of  information  displayed,  including 
data  fused  from  multiple  sources  and  design  of  abstract  symbologies  that  present  parameteis  of  flight.  A 
copy  of  the  program  is  available  from  ACiARD.  Copies  of  papeis  presented  are  available  from  their 
authors,  identified  in  that  program. 


Preface 


I .cs  communications  cou.  rent  des  quc.stions  dc  base ct dcs  applications  en  ce  qui  conccrnc  rintegration 
dcs  aides  au  pilotage  et  les  fiicteurs  humains.  Trois  communications  examinenl  I'crgoitomic  de  la 
conception  dcs  ciisqucs,  rajuslemem  ties  casques  cl  rinlegralion  des  notiveaux  disposilifs  monte.s  sur  Ic 
casque  atix  equipements  existants.  I  )eux  communications  portent  sur  les  effets  dcs  nouvci.ux  casques  sur 
la  possibililc  pour  Ic  pilote  de  decider  de  la  position  de  sa  tele  et  d'evile,'  la  fatigue,  lieux  autres 
communications  concerr.enl  Ic  conirole  des  performances  humaines  en  sol  it  I’aide  dc  nouveaux 
dispositifs.  D'autres  communications  rendent  comptc  dcs  tacteurs  humains  rians  les  performances 
visuellcs  par  Ic  biais  dc  questions  telles  que  Ic  degre  de  chevauchemeni  binoculairc.  Ic  champ  ile  vision 
global  ct  la  capacite  dc  maininnir  Ic  vol  horizontal.  D'autres  communications  encore,  examinent  la  nature 
dcs  intormaiions  affiihees,  v  compris  des  donnees  fusionnccs,  dc  sources  multiples,  et  la  conception  dc 
symboiogie  absiraites  rcp.eseutant  des  parametres  de  vol.  Te  programme  du  symposium  vous  sera 
transmis  par  I'AG.ARD  sur  simple  demande.  I>cs  cxemplaircs  des  communications  presentees  ont 
disponibles  chez  les  auteurs  aux  adresses  indiquees  dans  le  programme. 
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Summary 

The  introduction  of  NVGs  and  FI.IR  into  fast  jet 
aircraft  has  not  been  achieved  without  some 
problems  being  encountered.  Amongst  these 
problems  some  in  particular  relate  to  the  integration 
between  the  NVGs  and  the  FLIR  image  as  projected 
onto  the  head  up  di.splay,  and  these  are  addressed 
liere.  It  was  found  that  when  the  pilot  was  presented 
with  two  images  of  the  outside  scene  produced  by 
sensors  operating  at  different  wavelengths  he  could 
find  the  resulting  combination  of  images  to  be  very 
hard  to  comprehend.  This  problem  of  “Sensor 
Fusion”  was  most  noticeable  where  folded-optics 
NVGs  were  used,  and  it  was  overcome  by  causing 
the  NVGs  to  be  switched  off  automatically  when 
they  were  pointed  at  the  HUD.  Problems  of  sensor 
fusion  were  not  normally  ri  countered  when  straight- 
through  NVGs  were  used.  Other  integration 
problems  encountered  were  those  of  ensuring  that 
HUD  symbology  was  given  sufficient  contrast 
relative  to  the  FLIR  video,  and  that  the  relative 
brilliance  of  the  HUD  symbology  was  easily 
controlled  by  the  pilot.  Some  particular  aspects  of 
NVG  use  in  fast-jet  aircraft  are  discussed.  It  was 
found  that  helmet  fit  had  to  be  tight  to  ensure  that 
the  high  helmet-rotational  forces  produced  by  normal 
accellerations  were  contained,  and  also  that  when 
wearing  NVGs  whilst  pulling  “g”  a  tumbling 
sensation  could  be  induced  in  tlie  pilot  by  head 
movements. 

Introduction 

1 .  lam  going  to  talk  about  some  of  the  aeromedical 
aspects  of  the  development  of  fixed  wing  night  attack 
using  electro-optic  sensors.  In  particular,  I  shall 
address  some  of  the  problems  encountered  when  Night 
Vision  Goggles  and  Forward  Looking  Infra-  Red 
equipments  were  integrated  into  a  complete  airborne 
system,  and  1  shall  address  some  of  the  aeromedical 
problems  encountered  when  NVGs  were  used  in  fast  jet 
aircraft. 

2.  My  knowledge  of  these  problems  stems  from  my 
experience  with  the  Royal  Aerospace  Establi.shments  at 


Hcclforct  MKdd  ItT  -  U.K. 

Famborough  and  Bedford,  and  with  the  Royal  Air 
Force’s  Central  Tactics  and  Trials  Organisation  at 
Boscombe  Down.  Throughout  this  time  I  have 
been  privileged  to  belong  to  teams  developing  the 
use  of  NVGs  and  FLIR  on  a  two-scat  Harrier 
aircraft  as  well  as  on  a  Buccaneer  and  a  two-seat 
Jaguar.  1  have  also  been  fortunate  enough  to  have 
been  involved  remotely  in  the  US  Marine  Corps 
AV-8B  programme  and  another  more  recent  similar 
programme. 

Aircraft  Installations 

3.  Typically,  the  aircraft  installation  utilised  in 
these  programmes  had  a  nose-mounted  FLl  R  sensor 
with  a  fixed  field  of  view  and  a  fixed  1  -to- 1 
magnification.  The  image  produced  was  displayed 
on  a  head  up  display  producing,  in  theory,  real 
world  correlation  over  a  field  of  view  of  about  24 
degrees  in  azimuth  by  about  18  degrees  in  the 
vertical.  A  second,  head  down  display  was  also 
provided  for  daytime  use.  The  FLl  R  equipment 
used  on  all  of  these  programmes  was  the  GEC 
TCIM  11,  in  various  stages  of  development, 

4.  Tlie  NVGs  used  in  these  programmes  were 
always  helmet-mounted,  either  ANVIS  Gen  III  in 
the  case  of  the  UK,  or  GEC  Cat’s  Eyes  in  the  case 
of  the  US  Marine  Corps.  The  field  of  view  of  the 
ANVIS  NVGs  was  about  40  degrees  and  that  of  the 
Cat’s  Eyes  was  a  little  less.  In  both  cases  the 
NVGs  could  be  removed  manually  if  required,  but 
they  were  noimally  worn  and  switched  on 
throughout  the  complete  sortie.  In  the  UK  a 
facility  was  aiso  provided  which  would  detach  the 
NVGs  automatically  from  the  helmet  in  the  event 
of  an  ejection.  The  head  up  displays  used  in  these 
programmes  were  of  the  reflective  optics  type 
utilising  a  dual  combiner  display  glass. 

Concept  of  Operation 

5.  That  then  describes  the  basic  equipment  used  in  the 
programmes  in  which  1  was  involved,  but  what  was  the 
general  concept  of  operation?  Well  it  was  recognised 
that  the  performance  of  NVGs  and  FLIR  were  affected 


by  different  factors;  NVGs  were  dependent  on 
reasonable  light  levels  whereas  good  I'l.lR 
performance  required  gixxl  thermal  conditions  and, 
in  particular,  low  levels  of  humidity  in  the 
atmosphere.  Tlius  the  provision  of  both  would 
enable  operations  to  continue  under  a  wide  range  of 
conditions.  Perhaps  more  significant,  however, 
was  the  fact  that  the  FLIR  field  of  view  was  fixed 
to  the  aircraft  centreline  and  that  the  pilot  could  not 
sec  into  turns  using  it.  Unlike  the  F-16  and  F-15, 
we  did  not  have  terrain-following  radar  and  so 
terrain  clear.ance  at  low  level  was  dependant  on 
visual  references.  Tlie  use  of  NVGs  allowed  us  to 
retain  those  visual  references  whilst  turning,  giving 
considerable  freedom  of  manoeuvre  at  low  level. 

6.  In  our  concept  then,  the  pilot  used  his  NVGs  at 
all  times  and,  in  the  earlier  development  flying,  he 
always  viewed  the  F'LIR  image  through  the  NVGs. 
litter,  using  different  NVG  technology  as  we  shall 
see,  the  pilot  was  enabled  to  view  the  FLIR 
directly.  Head  up  display  symbology  was  provided 
as  normal,  superimposed  onto  the  FLIR  image. 

7.  Thus  the  pilot  would  fly  principally  by 
reference  to  the  NVG  images,  backed  up  by  the 
FLIR  image  when  that  was  better.  He  would  quite 
frequently  reject  the  FLIR  image  from  the  HUD 
when  the  thermal  conditions  were  poor,  but  would 
always  retain  the  NVG  image.  When  acquiring 
tactical  targets  we  normally  used  the  FLIR  because 
the  high  thermal  contrast  of  these  targets  made 
them  very  conspicuous  on  that  display. 

8.  That,  then,  was  a  brief  description  of  our 
equipments  and  of  our  mode  of  operation.  What  did 
we  learn  about  the  use  of  EO  sensors  which  might 
be  of  interest  to  this  body  today'.'  There  are  throe 
areas  of  potential  interest  which  1  will  cover;  the 
jse  of  NVGs  in  a  fast  jet;  displaying  symbology 
on  top  of  a  FLIR  video;  and  sensor  fusion. 

NVGs  in  the  Fast-Jet 

9.  Let’s  consider  the  use  of  NVGs  in  the  fast  jet 
environment.  There  is  much  which  could  be  said 
on  this  subject  but  I  will  just  mention  a  couple  of 
points.  As  many  of  you  will  know,  the  use  of 
NVGs  for  low  flying  in  a  fast  jet  aircraft  imposes  a 
significant  workload  on  the  pilot.  This  is  because 
the  image  resolution  is  naturally  poorer  than  that  of 
normal  daylight  flying  and  because  the  NVG  field 


of  view  is  restricted.  Ihc  m.ijor  imp.act  of  this  was 
that  the  pilot's  depth  perception  was  significantly 
reduced  and  his  ability  to  estimate  terrain  clearance 
could  be  poor,  particularly  where  there  was  little 
texture  in  the  scene  and  the  light  levels  were  low. 
We  found  ns  a  result,  that  a  good,  intuitive 
presentation  of  height  in  the  HUD  was  essential  for 
safe  operations  at  low  level,  and  by  this  we  meant 
the  use  of  an  analogue  display  of  height  as  opposed 
to  a  digital  display. 

1 0,  Another  facet  of  NVG  operations  which 
quickly  came  to  light  was  that  the  helmets  had  to 
be  made  to  fit  well  and  to  resist  the  laige  forwards 
rotational  moment  caused  by  the  NVGs  when  “g" 
was  being  applied.  It  can  be  quite  disconcerting 
when  pulling  around  a  hill  at  low  level  if  all  you 
can  see  through  the  NVGs  is  the  top  of  the  control 
column!  We  found  initially  with  our  Mk4A 
helmets  that  in  order  to  achieve  the  required 
rotational  restraint  the  helmet  had  to  be  tightened  so 
much  as  to  make  it  very  uncomfortable  to  wear, 
litis  problem  was  addressed  and  we  found  that  the 
Mk4B,  which  had  a  front  strap,  was  easier  to 
restrain.  Nonetheless,  It  required  constant  effort  to 
ensure  that  our  helmets  remained  well  fitted  despite 
constant  use. 

11.  On  the  subject  of  the  use  of  NVGs  under  high 
g,  I  can  add  that  we  were  able  to  use  operational 
levels  of  normal  acceleration  without  too  much 
difficulty.  Normal  turns  at  3  to  4g  presented  nc 
problem  once  the  pilot  had  learnt  to  anticipate  the 
strain  on  the  neck  muscles,  and  6g  was  sustainable 
for  short  periods.  We  did  notice,  however,  that 
there  was  a  big  difference  between  the  task  of 
locking  the  head  in  one  place  under  g,  and  that  of 
moving  the  head  about  once  the  g  had  been  applied. 
For  example,  when  turning  and  looking  into  the 

ti  m,  it  was  found  to  be  much  easier  to  glance  down 
under  the  NVGs  at  the  HUD  than  to  allow  the  head 
to  rotate  downwards  to  look  at  the  HUD  through 
the  NVGs.  If  the  pilot  did  move  the  head  then  it 
could  cause  him  to  feel  a  strange  "tumbling” 
sensation  as  he  halted  the  movement.  I  do  not 
know  the  reason  for  this,  but  I  would  suspect  it  was 
related  to  the  fact  that  the  pilot  was  making 
unusually  high  demands  on  his  neck  muscles  and 
that  the  relationship  between  changes  in  the  strain 
held  by  those  muscles  and  the  resulting  head 
movement  was  an  unusual  one. 


)  2.  On  the  next  topic,  that  of  the  presentation  of 
HUD  symbology  on  the  h'LIR  video,  there  are  two 
integration  aspects  which  arc  interesting;  firstly, 
how  does  one  achieve  adequate  contrast  between  the 
two,  and  secondly,  how  is  the  brilliance  of  the 
symbology  to  be  controlled? 


1 3.  Achieving  adequate  contrast  between  the 
symbology  and  the  FLIR  can  be  difficult.  As  you 
can  imagine,  the  cold  sky  will  appear  as  bright 
white  if  the  thermal  imagery  is  presented  as  black- 
hot.  Black  hot  was  the  prefered  polarity  for  most  of 
the  time  and  so  the  problem  of  reading  while 
symbology  against  the  while  sky  was  a  recuring 
one.  The  problem  is  alleviated  somewhat  if  the 
symbology  is  overwritten  onto  the  FLIR  video 
using  cursive  techniques  in  video  flyback  time.  If 
this  is  done  then  the  symbology  can  be  made  to 
appear  very  bright  and  very  crisp  in  comparison  to 
the  FLIR  video,  and  it  can  be  read  even  against  a 
moderately  bright  white  sky.  However,  not  all 
display  systems  had  sufficient  flyback  lime 
available  to  allow  the  complete  symbology  suite  to 
be  written  within  it,  and  .so  it  was  common  practice 
to  write  the  symbology  in  raster  formal  inter-leaved 
with  the  video.  In  this  case  it  was  hard  to  achieve 
good  contrast  with  the  FLIR  video  and  it  was 
necessary  to  resort  to  the  use  of  a  thin  black  border 
around  the  individual  symbols  to  allow  them  to  be 
seen  against  the  white  sky.  The  result  was  an 
adequate  degree  of  contrast  on  a  pieiure  which, 
however,  did  not  look  quite  as  neat  as  that  produced 
by  the  use  of  cursive  symbology. 


14.  The  other  aspect  of  HUD  symbology  which  I 
mentioned  was  that  concerning  the  control  of  the 
symbology  brilliance  relative  to  that  of  the  video. 
Most  systems  which  we  assessed  allowed  the 
relative  symbology  brilliance  to  be  controlled  by 
the  pilot  but  not  all  did,  and  not  all  controls  were 
easy  to  use.  For  example,  one  of  our  earlier 
sy.stems  required  the  pilot  to  enter  the  required 
relative  brilliance  as  a  number  between  1  and  8  via 
a  menu-driven  programme  on  the  up-front 
controller.  As  you  can  imagine,  this  was  not  easily 
accomplished  at  300ft  and  420kts  at  night. 
Unfortunately,  the  pilot  does  have  a  requirement  to 
modulate  the  symbology  reh-tive  brilliance 
routinely  in  flight  as  the  nature  of  the  video 
background  changes,  and  we  found  it  to  be  very 


important  to  provide  him  with  an  analogue 
controller  for  this. 


15.  I  would  like  to  move  on  now  to  the  subject  of 
sensor  fusion.  Tliis  was  a  problem  which  only 
became  apparent  at  a  late  stage  in  our  work  when 
we  looked  at  a  different  NVG  technology.  In  order 
to  understand  the  problem  of  sensor  fusion  as  we 
saw  it,  it  is  necessary  that  one  understands  the 
nature  of  the  two  images  which  arc  presented  to  the 
pilot.  So,  if  you  will  excuss  me,  I  will  .spend  a 
couple  of  minutes  discussing  these. 


16.  The  NVG  image,  as  you  will  know,  is  nn 
amplified  light  image  responsive  to  the  visual  and 
near-IR  regions  and  with  a  gain  of  about  30,000. 
The  image  so  produced  varies  in  character 
enormously  depending  on  the  amount  of  ambient 
light,  on  the  texture  in  the  scene  and  on  the  amount 
of  shadowing  in  the  scene,  amongst  other  factors. 
The  image  is  produced  in  a  blueish-green  colour  and 
is  usually  quite  grainy,  the  resolution  diminishing 
ns  the  light  level  drops.  Furthermore,  in  very  low 
light  levels  the  picture  will  suffer  from 
scintillation,  which  is  characterised  by  the  continual 
appearance  and  disappearance  of  small  pin-piicks  of 
light,  like  snow  flakes. 


17.  It  is  important  to  note,  though,  that  the  image 
produced  by  the  NVGs  is  of  reflected  light  and  that 
the  imtige  is  very  similar  in  construction  to  that 
which  we  are  «>'  to  in  our  daily  lives.  Objects 
are  of  familiar  sha-^s,  the  distribution  of  optical 
contrast  in  the  scene  is  almost  normal,  and  shadows 
appear  where  we  expect  them  to  be.  Tlie  problems 
experienced  by  pilots  in  using  NVGs  for  low  level 
navigation  have  related  to  the  poor  resolution,  the 
lack  of  depth  perception  and  the  limited  field  of 
view.  However,  the  interpretation  of  the  image  has 
not  been  a  problem. 


1 8.  The  image  produced  by  the  FLIR  is,  of 
course,  quite  different  from  that  produced  by  the 
NVGs.  The  wavelength  band  utilised,  8-13 
microns,  is  well  removed  from  that  of  light,  and  it 
is  thermal  contrast  rather  than  optical  contrast 
which  creates  the  image.  Thus  the  image  quality  is 
quite  independant  of  light  levels  and,  instead,  the 
amount  of  thermal  contrast  in  the  scene,  together 
with  the  amount  of  moisture  in  the  atmosphere, 
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tH'come  dominant  factors.  Picture  quality  or 
resolution  can  be  quite  good,  but  it  can  also  be  very 
variable  even  over  short  periods  of  time.  Pilots 
generally  adapted  quite  quickly  to  the  use  of  a 
thermal  image,  although  it  was  found  tliat  the 
provision  of  some  good  instruction  before-hand 
could  greatly  increase  the  effectiveness  of  their 
flying  training.  Prominant  features  in  the  thermal 
image  are  often  very  different  from  those  of  the 
visual  scene  and  they  look  very  different.  Cold 
lakes  and  rivers  are  jet  black  or  bright  white 
(depending  on  the  polarity  used),  and  concrete  strips 
can  also  stand  out  very  clearly  if  they  have  been 
subjected  to  significant  heating  or  cooling.  So, 
although  low  level  flight  by  the  use  of  NVGs  and 
FLIR  was  found  to  involve  a  high  workload  on  the 
pilot,  it  was  also  found  that  he  could  interpret  either 
image  reasonably  intuitively. 

19.  The  problem  of  sensor  fusion  was  noticed 
when  the  pilot  was  asked  to  view  the  NVG  intage 
and  the  FLIR  image  overlaid  on  each  other.  With 
straight-through  NVGs  there  really  did  not  seem  to 
be  a  problem:  it  was  the  introduction  of  folded 
optics  NVGs  which  brought  the  problem  to  our 
attention,  I  should  perhaps  explain  briefly  the 
difference  between  straight-through  and  folded  optics 
NVGs. 

20.  Straight-through  NVGs,  such  as  ANVIS, 
place  the  intensifier  tubes  directly  in  front  of  the 
pilot’s  eyes  and  he  is  required  to  view  both  the 
outside  scene  and  the  HUD  FLIR  image  through  the 
intenslfiers.  The  HUD  output  must  be  filtered  such 
that  it  does  not  cause  the  NVGs  to  be  daxzled,  but 
at  the  same  time  the  HUD  image  must  be  detectable 
by  them. 

21 .  Folded-optics  NVGs  such  as  Cat’s  Eyes,  on  the 
other  hand,  place  the  intensifier  tubes  above  the 
pilot’s  direct  line  of  sight,  and  then  bring  the  images 
down  to  his  eye  level  through  combiner  lenses.  Tlie 
pilot  views  the  outside  scene  via  the  intensifici 
tubes  but  he  views  the  HUD  FLIR  image  directly 
through  the  combiner  lenses.  The  HUD  output 
must  be  filtered  so  that  it  is  totally  invisible  to  the 
NVGs  and  yet  it  must  remain  visible  to  the  naked 
eye.  Folded  optics  NVGs  have  the  advantage  that 
they  allow  the  FLIR  image  to  be  viewed  directly, 
thus  avoiding  a  certain  amount  of  resolution  loss 
which  occurs  when  the  FLIR  image  is  viewed 
through  intensifier  tubes.  They  also  allow  easier 
viewing  of  the  cockpit  under  the  NVGs, 


However,  their  u.se  did  throw  up  the  problem  of 
sensor  fusion. 

22.  It  was  found  with  folded  optics  NVGs  that 
when  the  pilot  viewed  the  FLIR  image  .and  the 
NVCi  image  together,  he  very  often  found  the 
resulting  combined  image  to  be  confusing.  At  first 
it  was  thought  that  the  problem  was  simply  that 
re.il  world  correlation  of  the  FLIR  image  had  not 
been  achieved.  However,  we  soon  proved  this  not 
to  be  the  case.  I  believe  that  the  problem  lay  in  the 
pilot’s  inability  to  interpret  two  similar  but  not 
identical  images  superimposed  one  on  the  other. 

The  images  were  produced  from  sensors  operating  at 
very  different  wavelengths,  producing  images  of  the 
scene  which  were  often  quite  different.  These 
images  were  pre.sented  to  the  pilot  in  different 
colours:  the  HUD  FLIR  was  bright  green  whereas 
the  NVG  image  was  a  dull  blueish-green.  Also,  the 
images  were  both  presented  at  a  high  brightness 
level,  competing  for  attention,  and,  finally,  they 
were  focused  at  different  distances  from  the  pilot’s 
eyes. 

23.  As  a  result,  the  pilots  found  it  quite  disturbing 
to  view  both  the  NVG  and  FLIR  images 
simultaneously  when  using  folded-optics  NVGs  and 
a  solution  to  this  problem  was  required.  We  shall 
sec  soon  how  this  was  achieved. 

24.  But  why  was  this  sensor  fusion  problem  not 
detected  when  straight-through  NVGs  were  used',' 

For  indeed  there  had  been  few  complaints  from  the 
pilots  about  the  mixing  of  images.  The  answer,  I 
believe,  lies  in  three  paits.  Firstly,  and  perhaps 
most  importantly,  the  NVGs  tended  to  gain-down 
to  a  certain  extent  in  response  to  the  light  output 
from  the  HUD,  even  though  that  output  was  filtered 
to  avoid  dazzling  the  NVGs.  Thus  it  was  that  only 
on  very  bright  nights  when  the  NVG  image  was 
dominant  would  the  pilot  be  able  to  see  more  than  a 
dim  image  of  the  scene  beyond  the  HUD  if  the 
FLIR  was  being  displayed  there.  Ihus  the  battle 
for  dominance  between  the  two  images  had  been 
fought  inside  the  intensifier  tubes  before  an  image 
was  presented  to  the  pilot.  Secondly,  the  two 
images,  FLIR  and  NVG,  were  presented  to  the  pilot 
in  one  colour,  that  of  the  NVG  image.  Finally,  the 
two  images  were  presented  to  the  pilot  at  one  focal 
length.  In  effect,  then,  the  two  images  had  been 
convert  k1  into  one  by  the  NVGs. 


25.  So  what  was  the  solution  to  the  sensor  fu.sion 
problem  noticed  with  folded  optics  NVGsV  Quite 
simply  the  NVGs  were  caused  to  switch  off 
automatically  when  the  pilot  looked  towards  the 
HUD,  and  were  switched  on  again  when  he  looked 
away  trom  it.  In  order  to  achieve  this,  an  IR  source 
was  mounted  neiu  the  HUD  pointing  towards  the 
pilot  and  a  very  directional  IR  detector  was  mounted 
on  the  NVGs,  boresighted  to  the  NVGs  centreline. 
Whenever  the  detector  sensed  the  IR  radiation 
emanating  from  the  HUD-mounted  source,  it  sent  a 
signal  to  the  NVG  circuits  de-powering  them.  This 
was  not  as  ea.sy  to  implement  as  it  might  sound, 
but  nonetheless  it  was  eventually  made  to  work 
successfully. 

2(1.  There  has  been  considerable  debate  over  which 
type  of  NVG  is  better  suited  to  integrate  with  a 
head  up  display  of  FI.IR;  straight  through  or  folded 
optics.  I  do  not  intend  to  indicate  a  preference 


cither  way;  they  are  both  useable  with  their  own 
advantages.  I  would  ask  though,  what  lessons  we 
should  learn  about  sensor  fusion  for  the  next 
generation  of  EO  devices,  integrated  helmet- 
niountcd  displays  of  thermal  and  low  light  images. 
We  shall  have  to  be  very  careful  indeed  that  the 
images  are  presented  to  the  pilot  in  a  manner  which 
will  allow  him  to  comprehend  them  both  together. 
This  may  mean,  and  1  stress  it  may  mean,  that  the 
images  presented  to  the  pilot  should  finally  derive 
from  only  one  image  generator,  even  though  they 
might  have  originated  from  seperate  sensors. 
Alternatively,  it  may  be  found  to  be  preferable  to 
provide  the  pilot  with  a  throttle-mounted  switch 
with  which  he  can  select  the  sensor  of  his  choice. 
But  we  should  not  take  lightly  the  potential 
problems  of  sensor  fusion,  especially  when  we  arc 
adding  more  and  more  sources  of  information 
simultaneously  to  the  display  presented  to  the  pilot. 
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SUMMARY 

The  design  philosophy  adopted  by  the  Flight 
Systems  Department  of  the  Royal  Aerospace 
Establishment,  Farnborough  for  its  fast-jet  helmet  display 
programme  Is  described.  Details  are  given  of  the  develop¬ 
ment  of  two  devices  and  the  tests  and  methods  used  to 
meet  the  flight  safety  measurements. 

The  devices,  a  Helmet  Mounted  Sight  (HMSj  and  an 
Oxygen  Mask  Mounted  Sight  (OMMS),  each  posed  different 
problems  due  to  their  inherently  dissimilar  concepts. 
Modifications  to  the  devices  as  a  result  of  ground  and  air 
testing  to  meet  flight  safety  and  operational  requirements 
are  covered.  The  ergonomic  considerations  applicable  to 
the  use  of  these  and  other  head  mounted  devices  when 
employed  as  integral  components  of  the  weapon  system  are 
also  discussed.  In  addition  to  describing  the  physical 
development  of  the  devices,  a  brief  account  is  given  of  the 
display  design  considerations. 

The  results  of  these  activities  have  been  embodied  in 
the  RAE  flight  test  programme  which  has  successfully 
produced  two  helmet  devices  for  evaluation  in  a  combat 
environment.  The  knowledge  gained  from  this  programme  is 
discussed  in  the  paper  together  with  hs  relevance  to  the 
successful  procurement  of  future  helmet  mounted  devices 
for  combat  aircraft. 

1  PROGRAMME  PHILOSOPHY 

A  significant  amount  of  ground  based  research  had 
been  conducted  at  RAE  Farnborough  using  the  a''  combat 
simulator  to  evaluate  a  variety  of  operational  applications  of 
helmet  mounted  devices.  In  general,  the  slaving  of  an 
aircraft  sensor  or  weapon  seeker  to  the  pilot's  direction  of 
regard  proved  to  be  of  significant  benefit*'^. 

Trials  had  also  been  conducted  to  study  the  physio¬ 
logical  parameters  affecting  the  pilot's  ability  to  acquire 
targets  under  .  nditions  of  high  'g'  and  vibration  whilst 
using  such  a  device.  The  ability  of  a  pilot  to  point  his  heau 
In  a  particular  direction  within  the  restrictions  of  his  usual 
cockpit  impediments,  re  life  preserver,  ejection  seat  head 
rest  and  harness,  was  also  studied^'*. 

in  the  light  of  this  ground  based  experience,  the  next 
logical  step  was  an  airborne  evaluation.  Not  only  would  a 
flight  trial  programme  confirm  (or  deny)  the  human  factors 
findings  and  simulated  mission  results  to  date,  but  it  would 
also  force  the  team  to  address  the  real  issues  of  designing 
a  helmet  mounted  device  for  use  in  a  fast-jet  cockpit 
environment  and  qualifying  it  for  ejection  and  crash  safety. 

The  task  undertaken  was  therefore  two-fold;  to 
procure  a  safe,  workable  helmet  mounted  aiming  device  and 


to  obtain  In-llight  experience  of  a  head  slaved  weapon 
aiming  system. 

Experience  has  shown  that  an  incremental  approach 
to  system  development  is  often  the  quickest  route  to 
success,  especially  where  the  human  operator  is  involved. 
On  this  basis  it  was  decided  to  develop  a  simple  fixed  reticle 
LED  helmet  mounted  sight  (HMS)  and  to  use  it  in  conjunc¬ 
tion  with  a  current  in-senrice  short  range  air  to  air  missile 
system  thereby  replicating  the  systerr.  used  in  earlier 
ground  based  trials  as  illustrated  In  Fig  1 .  The  operational 
scenario  was  therefore  defined  as  close  air  to  air  combat 
engagement,  although  a  brief  assessment  of  the  system  in 
the  air  to  ground  role  would  also  be  made. 

1.1  Specifications 

Before  an  HMS  could  be  developed,  consideration 
was  given  to  the  performance  envelope  that  was  required. 

It  was  necessary  that  the  device  was  physically  and  electri¬ 
cally  compatible  with  the  aircrew  equipment  assembly  and 
must  present  no  additional  hazards  to  the  aircrew  during 
flight  and  emergency  egress  from  the  cockpit.  In  particular, 
any  additional  mass  on  the  helmet  had  to  be  minimised  and 
a  design  aim  was  set  at  1 00  gms.  Restrictions  to  pilot  head 
mobility  within  the  confines  of  t’le  cockpit  must  also  be  mini¬ 
mised.  It  was  desirable  that  it  used  an  approved  flying 
helmet  to  reduce  the  flight  safety  clearance  programme  to  a 
minimum.  The  nonnal  use  of  the  clear  visor  and  sun  visor 
had  to  be  retained  as  standard  fast  jet  operating  procedures 
require  the  pilot  to  fly  with  a  visor  down  at  all  times.  Right 
throughout  the  whole  aircraft  operating  envelope  was  not  to 
be  restricted  in  any  way.  The  HMS  was  r^uir^  to  be 
compatible  with  cockpit  displays  and  equipment  and  allow 
the  standard  cockpit  procedures  to  be  carried  out. 

The  sight  itself  had  to  present  minimum  obscuration 
to  the  pilot  and  the  symbols  remain  legible  under  the  full 
range  of  daylight  ambient  illumination  levels.  The  optical 
combiner  was  required  to  present  minimal  discolouration  of 
the  scene.  Experience  in  the  simulator  trials  indicated  that 
a  field  of  view  of  approximately  5°  would  be  adequate  to 
contain  a  simple  weapon  aiming  format.  Cockpit  controls 
were  required  to  be  simple  and  logical. 

The  above  represents  a  series  of  design  alms  from 
which  a  detailed  build  and  performance  specification  was 
written. 

1.2  Proposed  solutlona 

An  extra-mural  research  contract  was  placed  for  the 
development  of  a  sight  to  be  incorporated  Into  an  ALPHA 
helmet.  This  helmet  type  was  selected  as  it  was  an 
approved  item  and  was  representative  of  a  modern  light¬ 
weight  flying  helmet.  It  was  fitted  with  dual  visors  and  was 
available  In  a  range  of  five  sizes  to  cater  for  aircrew 


anthropometric  variations.  A  detailed  description  of  the 
Alpha  Helmet  Sight  is  given  later  in  the  paper  and  is 
illustrated  in  Fig  2. 

Consideration  was  also  given  to  possible  alternative 
solutions.  It  was  seen  that  as  standard  helmets  were 
expensive  to  procure,  the  acquisition  of  HMS  equipped 
helmets  In  a  variety  of  sizes  would  become  an  even  more 
costly  activity.  In  addition,  any  requirement  to  retrofit  a 
helmet  mounted  capability  into  an  aircraft  would  result  in  all 
pilots  being  re-equIpped  with  a  new  and  expensive  helmet. 

A  concept  which  had  had  some  attention,  but  seemingly  not 
reached  maturity,  was  that  of  fitting  a  sight  to  an  oxygen 
mask.  The  RAF  mask  is  avaliable  in  two  sizes  and  is 
thought  to  be  one  of  the  best  in  senrice,  being  comfortable 
and  less  leaky  than  most.  It  is  considerably  cheaper  than  a 
helmet  and  therefore  presents  an  attractive  alternative  from 
a  procurement  point  of  view.  If  it  is  correctly  adjusted  it 
maintains  a  rigid  and  stable  position  relative  to  the  pilot's 
head.  However,  any  additional  weight  to  the  mask  could  be 
considered  to  be  a  disadvantage,  having  a  long  moment  arm 
about  the  head  c  of  g  but  this  can  be  offset  by  its  lower  posi¬ 
tion  on  the  head.  Further  to  this,  as  the  overall  head 
assembly  volume  is  increased,  the  device  would  need  to  be 
small. 

It  was  considered  a  viable  option  to  take  at  least  to 
the  working  prototype  stage.  On  this  basis  a  small  intra¬ 
mural  development  programme  was  undertaken  utilising 
readily  available  collimating  and  combining  optics.  The 
Oxygen  Mask  Mounted  Sight  (OMMS)  Is  described  In  detail 
in  the  next  section  and  is  shown  in  Fig  3. 

1.3  Head  tracker 

In  order  to  take  advantage  of  the  benefits  of  a  HMS, 
the  direction  in  which  the  pilot  is  looking  must  be  available  to 
the  aircraft  or  weapon  systems.  This  is  achieved  by  means 
of  a  head  position  sensing  system  (HPS).  Several 
companies  market  devices  based  upon  a  variety  of 
technologies,  such  as  electromagnetics,  optics,  and 
ultrasonics.  Although  an  essential  part  of  the  overall 
system,  and  a  critical  item  in  determining  system  perfor¬ 
mance,  the  development  of  an  HPS  was  not  taken  to  be  an 
aim  of  the  programme.  The  previously  mentioned  simulator 
trials  had  made  use  of  an  electromagnetic  system  (Fig  4) 
which  had  proved  to  be  reliable,  was  sufficiently  accurate, 
and  was  considered  to  be  a  low  risk  element  to  the  trial.  In 
addition,  it  was  considered  that  experience  ought  to  stand 
us  in  good  stead. 

1.4  Test  aircraft 

The  primary  flight  test  vehicle  available  for  the  trials 
was  a  two  seat  Jaguar  T  Mk  2A  illustrated  in  Fig  5.  Although 
not  the  most  agile  of  air  combat  aircraft.  Its  flight  envelope 
was  sufficient  for  a  thorough  investigation  of  HMS  weapon 
aiming.  A  tandem  seater  has  obvious  advantages  for  this 
type  of  research  flying,  and  indeed  is  essential  for  full 
exploration  of  two  crew  operational  benefits.  To  examine 
HMS  performance  under  high  'g' condition  some  use  was 
also  made  of  a  Hawk  aircraft. 

The  Jaguar  is  capable  of  carrying  Sidewinder  air  to  air 
missiles  on  the  outboard  pylons  and  the  missile  fire  control 
equipment  was  suitably  modified  so  that  the  seekers  could 
be  driven  from  signals  derived  from  the  pilot's  head  position. 
The  front  and  rear  cockpits  were  equipp^  with  the  head 
tracker  equipment. 

In  addition  to  a  full  dIgKal  recording  system  being 
fitted,  one  pylon  was  modified  to  accommodate  an  ACMI  (Air 


Combat  Manoeuvring  Instrumentation)  pod  which  enabled 
the  aircraft  combat  related  data  to  be  transmitted  In  real 
time  to  the  ground  station  when  flying  over  an  Instrumented 
range.  This  data  was  also  recorded  for  later  quantitative 
evaluations.  A  miniature  colour  TV  camera  fitted  wKh  a  wide 
angle  lens  was  attached  to  the  left  of  the  HUD  enabling  in 
flight  recording  of  pilot's  activities  to  be  made.  Fig  6  shows 
a  still  frame  from  this  CCTV  system. 

2  DEVELOPMENT  AND  FLIGHT  SAFETY 

TESTING  OF  HELMET  SIGHTS 

2.1  Engineering  conslderatlone 

Both  the  OMMS  and  the  ALPHA  helmet  sights  were 
designed  specifically  for  use  In  fast-jets  and,  as  ment'nned 
previously,  certain  criteria  were  paramount  if  they  were  to 
be  successful.  These  criteria  involved  low  weight,  an 
ejecticn  safe  design,  compatibility  wKh  existing  Aircrew 
Equipment  Assemblies  (AEA)  and  adequate  ergonomics. 

The  effects  of  'g'  and  the  need  to  ensure  good  head 
mobilKy  In  the  cockpit  required  that  the  weight  of  the  helmet 
sights  was  as  low  as  practicable.  This  would  be  acliieved 
for  the  OMMS  by  the  use  of  plastic  and  carbon  fibre 
materials.  The  ALPHA  helmet  sight  would  also  make  use  of 
plastics  but  the  choice  of  the  ALPHA  aircrew  helmet  as  a 
basis  lor  the  design  contributed  considerably. 

The  main  flight  safety  issue  that  had  to  be  addressed 
was  ejection.  It  was  decided  that  both  helmet  sights  should 
be  designed  to  allow  safe  ejection  without  removal  of  any  of 
the  sighting  equipment.  To  verify  the  perfomiance  of  the 
designs  both  helmets  would  be  tested  under  air-blast 
together  with  some  ejection  tower  and  sled  tests.  AEA 
checks  were  also  planned  to  ensure  that  any  extra  cabling 
did  not  affect  the  ejection  sequence.  Compatibility  with 
existing  AEA  was  important  not  only  for  ejection  but  also  to 
ensure  that  cockpit  mobility  was  unhindered  and  no  fouling 
occurred  with  the  controls. 

Finally,  the  helmet  sight  designs  would  need  to 
address  ergonomic  issues  so  that  optimum  performance 
could  be  gained  from  them  in  the  fast-jet  co^pit.  This  topic 
again  emphasised  the  need  fo  good  AEA  integration  as  well 
as  other  optical  aspects.  This  topic  is  considered  in  detail 
under  section  3.0. 

2.2  Development 

2.2.1  Oxygen  Maek-Mounted  Sight 

The  OMMS  was  developed  as  an  alternative  to  the 
conventional  helmei-mountod  sight  concept.  It  offered 
several  potential  benefits  particularly  In  overcoming  aircrew 
equipment  compatibility  problems,  potentially  gtsod  ejection 
performance  and  sight  stability. 

Several  designs  of  OMMS  were  produced  before  the 
flight  version  was  pr^uced.  These  earlier  OMMS  were 
used  to  investigate  head  mobility,  performance  under  'g' 
and  simulator  testing  (Ref  5).  The  final  fllghtworthy  design 
added  approximately  100  gms  to  the  stanidard  oxygen 
mask.  It  consisted  of  a  small  collimated  LED  display  with  a 
transparent  combiner.  This  was  fitted  to  the  mask  by 
means  of  a  carUrn  fibre  plate  and  full  adjustment  of  the 
optical  posHlon  nf  the  sight  display  was  provided.  The 
optical  design  of  Ihe  OMMS  provided  a  large  exit  pupil  and 
together  with  thu  stability  afforded  by  the  oxygen  mask 
when  fitted  correctly  ensured  that  the  pilot  would  be  able  to 
see  the  display  at  all  times.  The  head  tracker  sensor  was 
also  placed  on  the  mask. 
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Once  flight  safety  testing  had  been  successfully 
completed  (see  section  2.3),  flight  trials  were  undertaken 
with  the  OMMS  in  Jaguar  and  Hawk  fast-jets  to  assess  its 
performance  In  isolation.  The  results  of  these  sorties  were 
encouraging  and  only  minor  changes  were  needed  before 
the  OMMS  could  be  integrated  with  the  full  head  pointing 
weapon  system  (section  4.1)  for  trials  evaluation.  However, 
it  should  be  stat^  that  there  were  several  areas  highlighted 
in  the  flight  tests  which  would  need  to  be  improved  in  a 
developed  version  of  the  sight. 

2.2.2  ALPHA  Helmet-Mounted  Sight 
(AHMS) 

The  ALPHA  Helmet-Mounted  Sight  (AHMS)  was 
designed  to  enable  'conventional'  helmet  sight  to  be 
evaluated.  The  choice  of  the  ALPHA  helmet  as  a  basis  lor 
the  design  was  a  direct  attempt  to  minimise  the  weight  of  the 
sight  and  provide  a  stable  platform.  A  visor  projection 
system  was  chosen  in  an  attempt  to  reduce  obstruction  to 
the  pilot's  view. 

Again  the  weight  increase  from  the  addition  of  the 
sight  was  kept  to  1 00  gms  approximately.  The  helmet 
profile  was  kept  as  standard  as  possible  except  for  the 
addition  of  the  head  tracker  sensor  and  a  small  extension  of 
the  visor  arms.  An  electronics  package  was  fitted  inside 
the  helmet  together  with  the  system  wiring.  Unlike  the 
OMMS,  the  AHMS  did  not  have  a  fully  adjustable  display  but 
the  exit  pupil  v/as  designed  to  cater  for  the  majority  of 
wearers. 

Having  successfully  been  tested  for  flight 
(section  2.3),  the  AHMS  was  flown  in  Isolation  as  per  the 
OMMS  sorties.  Unfortunately,  several  deficiencies  were 
found  with  the  Mk  1  AHMS  during  these  flights 
(section  4.1).  The  problems  centred  around  the  optical 
performance  of  the  sight  and,  to  correct  these,  the  AHMS 
was  modified  to  Mk  2  standard.  The  AHMS  Mk  2  was 
retested  and  found  to  give  good  performance. 

2 . 3  Ejection  safety 

As  mentioned  above,  ejection  safety  was  considered 
to  be  a  prime  requirement  for  the  helmet  sights  developed 
for  the  programme.  This  criteria  has  often  been  the  most 
difficult  to  satisfy  for  fast-jet  helmet  projects.  Both  the 
OMMS  and  the  AHMS  were  designed  for  fast-jet  use  at  the 
outset  and  repre.sentathra  mock-ups  were  prc^uced  for 
testing. 

Air-blast  tests  were  carried  out  at  FIAE  Bedford  for 
both  devices.  Each  sight  was  exposed  to  air-blasts  in 
various  orientations  and  at  various  speeds  up  to  650  kn. 

The  results  of  the  tests  were  documented  by  high  speed 
cameras  and  still  photography.  Figs  7  and  6  $h^  the 
OMMS  and  AHMS  mock-ups  in  the  test  rig.  These  results 
indicated  that  for  both  the  OMMS  and  the  ALPHA,  injury  was 
unlikely  to  occur  up  to  450  kn.  Beyond  this  speed,  known 
limitations  with  the  head  equipment  assemb^  became 
apparent,  although  in  certain  orientations  the  helmets 
sights  behaved  acceptably  at  higher  speeds. 

The  more  unusual  design  of  the  OMMS  required 
further  ejection  testing  and  this  took  the  form  of  some 
ejection  tower  shots  (Fig  9)  plus  a  complete  ejection  from  a 
rocket  sled  (Fig  1 0).  The  ej^ion  tower  tests  examined  the 
performance  of  the  OMMS  during  the  gun  stroke  phase  of 
ejection.  The  results  of  the  tests  showed  that  the  presence 
of  the  sensor  on  the  mask  actually  had  a  beneficial  effect  In 
preventing  the  mask  riding  up  the  face.  TTre  complete 


ejection  seat  firing  took  place  at  450  kn.  No  untoward 
effects  were  found  and  the  sight  remained  in  place 
throughout  the  ejection  with  no  penetration  of  the  visors 
occurring. 

3  ERGONOMIC  CONSIDERATIONS 

In  developing  both  sights.  It  was  important  that 
consideration  was  given  at  an  early  stage  to  the  funda¬ 
mental  issue  of  ensuring  that  the  pilot  could  operate  the 
aircraft  whilst  wearing  the  device  under  the  wide  range  of 
operating  conditions  that  would  be  experienced.  Also,  his 
ability  to  use  the  device  for  the  intended  purpose  was  high 
on  the  list  of  requirements! 

3.1  Brightneaa 

The  primary  scenario  in  which  the  devices  would 
initially  be  used  was  medium  to  high  altitude  close  air 
combat,  wHh  a  high  probability  of  direct  sunlight  or 
extremely  bright  reflected  sunlight  from  the  cloud  tops 
against  which  the  sight  reticle  must  be  visible.  This  placed 
a  high  premium  on  the  brightness  performance  of  the 
devices.  A  small  flight  trial  to  assess  this  attribute  was 
undertaken  using  a  BAC1-1 1  twin  jet  aircraft  used  as  a 
flying  laboratory.  Whilst  the  aircraft  was  flown  at  various 
flight  levels,  a  representative  device  was  assessed  for 
contrast  against  clear  sky  backgrounds,  bright  clouds  and 
also  viewed  looking  close  to  and  into  the  sun.  This  was 
conducted  L.  several  subjects.  Measurements  were  taken 
of  the  background  illumination  using  a  hand  held  photo¬ 
meter.  Video  recordings  were  also  taken  with  the  camera 
viewing  the  scene  through  the  combiner  but  it  was  realised 
that  this  was  not  very  satisfactory  as  a  performance 
measure  although  it  provided  a  useful  record  of  the  trial 
procedures.  Tests  were  conducted  looking  through  the 
cockpit  and  side  windows  of  the  aircraft.  The  contrast  when 
viewed  through  a  standard  sun  visor  was  also  measured. 
The  r'esuHs  were  encouraging,  giving  a  good  legibility 
against  all  the  backgrounds.  It  was  estimated  that 
adequate  contrast  was  maintained  to  within  a  few  degrees 
of  the  sun. 

3.2  Colour 

The  previously  mentioned  simulator  trials  had  utilised 
HMDs  based  on  32  x  32  element  array  LED  matrix  as  well  as 
fixed  format  LEO  raticle  displays.  Both  of  these  happened 
to  be  red  and,  based  on  the  evidence  accumulated  during 
that  programme,  the  use  of  red  seemed  tc  have  advan¬ 
tages.  The  red  colour  offered  good  contrast  against  the 
outside  world.  It  allowed  a  natural  coding  of  the  information 
available  to  the  pilot,  differentiating  between  the  green  of 
the  head  up  display  (HUO)  and  the  red  of  the  HMS  when  the 
sight  is  used  within  the  HUO  field  of  view.  In  a  dynamic 
situation  the  possibility  exists  for  the  pilot  to  confuse  movo- 
merns  of  the  HMC  v.'ith  control  Inputs  or  movement  of  a  HUO 
symbol  with  head  movement.  Early  evidence  of  this  was 
seen  in  RAE  HMD  trials  in  the  mkf  1 970s  when  on  several 
occasions  pilots  attempted  to  control  the  flight  path  during 
simulated  low  level  missions  by  raising  their  line  of  sight 
instead  of  applying  a  control  input.  It  should  be  stressed 
that  at  that  time  display  drive  algorithms  had  not  matured. 
However,  ft  does  illustrate  the  need  for  a  dlspl^  system 
which  does  not  lead  to  misinterpretation  at  periods  of  high 
workload.  Furthermore,  ft  highlights  the  requirement  for  an 
Integrated  systems  approach  to  cockpit  display  system 
design. 

Based  on  these  factors,  and  also  to  a  large  extent 
driven  by  tho  availability  of  components  which  met  the  other 
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performance  requirements,  notably  size  and  brightness,  K 
was  agreed  that  red  was  a  reasonable  colour  with  which  to 
start. 

3.3  Symbology 

It  had  been  shown  during  the  simulator  trials  that  the 
amount  of  information  available  to  the  pilot  had  to  be  kept  to 
a  minimum  consistent  with  allowing  him  to  successfully 
prosecute  the  mission.  The  number  of  elements  avail^le 
on  an  LED  reticle  forced  an  economy  of  symbols. 

The  requirements  of  a  weapon  system  dictate  that 
sufficient,  easy-to-interpret  information  must  be  available 
for  the  pilot  to  make  effective  use  of  the  system.  For 
instance,  the  angle  at  which  a  missile  seeker  is  pointing 
relative  to  the  aircraft  is  obviously  limited  and  the  pilot 
needs  to  know  whether  it  is  at  the  limH.  Also,  should  the 
pilot  look  away  from  a  target  on  to  which  the  missile  seeker 
is  'locked',  it  is  essential  that  he  is  able  to  find  the  target 
again  without  difficulty.  An  obvious  requirement  is  to 
provide  an  aiming  mark. 

Thus  the  typical  symbol  requirements  for  a  simple 
designation  system  can  be  summarised  as;- 

•  an  aiming  mark,  giving  the  pilot  an  indication  of  where 
the  system  believes  his  head  is  pointing 

•  a  symbol  to  indicate  that  the  seeker/sensor  has 
found  a  target 

•  a  symbol  to  indicate  that  the  seeker/sensor  has 
locked  onto  the  target 

•  a  means  of  cueing  the  pilot  to  where  the  seeker/ 
sensor  is  pointing,  ia  the  target. 

In  addition,  an  indication  that  the  head  posKion 
sensing  system  is  functioning  was  found  to  be  beneficial.  If 
the  pilot's  head  strays  outside  the  volume  in  which  the  HPS 
is  effective,  the  drive  signals  cease  to  be  effective.  An 
indication  of  this  is  imperative.  In  the  event  of  the  pilot's 
head  leaving  the  HPS  motion  box,  a  symbol  flashed. 

In  directing  the  pilot  where  to  kxtk,  arrow  heads  were 
illuminated  to  indicate  the  direction  the  pilot  should  turn  to 
re-acquire  the  seoker/sensor  line  of  sight.  Using  this 
method,  pilots  found  the  appropriate  direction  quickly  and 
without  difllculty  although  only  eight  directions  could  be 
indicated,  re  up,  down,  left,  right,  up  and  right,  up  and  left, 
down  and  right  and  down  and  left. 

This  format  was  assessed  in  the  simulator  and  found 
to  be  acceptable  pending  flight  evaluation. 

3.4  Pilot’s  controls 

The  cockpit  was  furnished  with  the  minimum  of  addi¬ 
tional  controls  making  use  of  redundant  swftches  on  the 
control  column  and  specially  designed  coaming  mounted 
units  for  the  head  tracker  and  recording  systems.  A  simple 
procedure  to  align  the  head  tracker  was  formulated, 
requiring  the  pilot  to  aim  the  HMS  with  the  HUO  weapon 
symbol^y  and  to  push  an  'Align'  button.  This  could  be 
achieved  on  the  ground  and  in  flight.  Brightness  controi 
was  via  a  knob  also  mounted  on  this  unit.  Front  and  rear 
cockpits  were  made  as  similar  as  possible. 


3.5  Cockpit  snd  aircrew  equipment  aosembly 

Integration 

In  order  to  design  the  man-mounted  equipment  to  be 
compatible  with  the  rest  of  his  personal  equirment,  it  was 
necessary  for  the  project  team  to  become  involved  in  areas 
in  which  they  had  IHtla  or  no  experience. 

For  example,  the  way  in  which  the  electrical  connec¬ 
tions  from  the  aircraft  through  the  ejection  seat  to  the 
helmet  required  specialist  ^vice.  After  assessming  the 
various  options  it  was  decided  that,  rather  than  modify  the 
existing  personal  equipment  connector  (PEC),  a  workable 
solution  which  (x>uld  tM  engineered  without  resorting  to 
external  agencies  would  be  to  design  a  special  pull-off 
connector  attached  to  the  seat.  Care  was  necessary  to 
ensure  that  the  connection  was  positive,  rugged,  reliable 
and  that  the  design  permitted  the  full  range  of  seat  height 
adjustment  and  cockpit  movement.  The  connector  chosen 
which  met  the  requirements  was  a  D-type  which  was 
attached  to  ;he  seat  via  existing  holes  and  found  to  be  very 
satisfactory  (see  Fig  1 1).  This  connector  carried  all  the 
experimental  wiring  to  the  helmet  (for  the  Alpha-sight)  or 
oxygen  mask  (lor  OMMS)  as  well  as  ine  head  Irat^r 
sensor.  Mic/tels  connections  used  the  standard  PEC. 

The  routing  of  the  wiring  on  the  pilot  was  arranged 
with  the  assistance  of  the  RAF  Institute  of  Aviation 
Medicine  (lAM)  at  Farnborough.  Restrictions  to  the  pilot's 
head  mobility  were  prevented  by  careful  design  and 
rudimentary  testing.  To  enable  the  helmet  to  be  discon¬ 
nected  a  special  miniature  man-mounted  connector  was 
fitted  to  the  IKe  preserver  (see  Fig  12).  Tne  life  presenrers 
used  in  the  trial  wore  modified  to  ensure  that  the  man  portion 
of  the  D-type  connector  mentioned  in  the  previous  para¬ 
graph  could  be  pulled  off  at  the  man-seat  separation  phase 
of  the  ejection  sequence. 

3.6  Optical  properties 

The  opt'ical  properties  of  the  dichroic  combiners  used 
on  both  the  OMMS  and  AHMS  were  of  necessity  a  com¬ 
promise  between  being  sufficiently  reflective  at  the  LED 
wavelengths  to  ensure  adequate  image  brightness,  and  not 
being  so  obtrusive  as  to  provide  an  unacceptable  distrac¬ 
tion.  The  ideal  solution  of  course  is  a  narrow  band  source 
and  an  accurately  matched  narrow  band  reflector  to  ensure 
the  best  reflective  properties,  the  least  colouration  of  the 
scene  anu  maximum  outside  world  transmission.  The 
technology  which  provides  these  ideals  is  holography  but 
the  technique  of  applying  holograms  to  polycarbonate 
visors  was  not  sufficiently  developed  at  the  time. 

An  essential  feature  of  the  sights  was  that  the  image 
had  to  be  collimated,  that  is  presented  at  near  infinity.  Any 
deoollimation  would  causa  blurring  of  the  image  when  the 
pilot  focused  on  a  distant  target  or  a  blurred  target  H 
focused  on  the  sight  Image.  This,  and  any  re- 
acoommodotion  to  view  the  HUD,  are  both  highly 
undesirable. 

A  further  critical  parameter  of  the  ^ical  design  is 
the  exli  pupil.  This  determines  the  effective  porthole 
through  which  the  whole  sight  format  may  be  seen. 

Provided  the  plht's  pupil  remains  within  the  exit  pupil  there 
will  be  no  vignetting  of  the  display.  Ths  smaller  this  Is,  the 
more  crkicaT becomes  the  stabHitv  of  the  helmet  on  the 
pilot's  head.  The  trade-off  Is  that,  arith  conventional  optics, 
the  larger  the  exit  pupil  the  larger  and  hence  heavier  the 
optical  components.  ProvUed  the  AHMS  is  correctly  fitted, 
there  appeared  lilt!.s  slippage  of  the  helmet  on  the  pilot's 
head,  oven  under  large  and  rapid  movements.  The  design 
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aim  for  the  Alpha  sight  was  1  j  mm.  The  OMMS  presented  a 
different  set  of  circum-stances  as  the  stability  or  the 
oxygen  mask  as  an  optical  platform  was  unknown.  The  exit 
pupil  for  this  device  could  not  be  specified  as  the  optical 
design  had  aiready  been  determine  at  15  mm. 

The  clearance  between  the  nearest  optical  com¬ 
ponent  and  the  pilot's  eye,  the  eye  relief,  bemmes  a  major 
concern  in  the  fast  jet  environment  where  the  relative  move¬ 
ment  between  the  head  and  lielmet  as  a  result  of  crash 
landing  or  ejection  becomes  extrema.  The  aim  for  the  Alpha 
sight  was  27  mm.  As  reported  in  a  previous  section  of  the 
report,  the  air  blast,  ejection  tower  and  sled  tests  all  proved 
that  adequate  clearance  was  maintained  during  the  tests  for 
the  designs  to  be  considered  safe  lor  experimental  flight. 
The  OMMS  being  situated  not  only  farther  from  the  pilot's 
face,  was  also  positioned  outside  the  visors. 

4  FLIGHT  TEST  RESULTS 

4.1  OMMS  and  ALPHA  HMS  In  leolatlon 

Before  fhe  helmet  sights  were  used  with  a  weapon 
system,  both  were  flown  in  Isolafion  using  battery  boxes  to 
power  the  displays.  These  flight  test  sorties  onabied  the 
performance  of  the  sights  to  tM  examined  under  various 
conditions.  Of  particular  interest  were  the  effects  of  vibra¬ 
tion,  high  ambient  light  levels,  'g',  and  cockpit  mobility  as 
well  as  the  basic  concept  of  the  pilot  having  a  dispic/ 
presented  wherever  he  looks. 


ground  experiments  suggested  that  vibration  would  not  be  a 
sevens  problem  and  In  flight  the  reverse  was  the  case 
especially  at  low  level. 

Finally,  the  Importance  of  robust  design  was 
emphasised  during  flight  testing.  Conducting  several  flights 
highlighted  contrasting  levels  of  care  required  between  the 
OM^  and  the  ALPHA  HMS.  The  latter  was  more  prone  to 
damage  due  to  scratches  on  the  visor,  whereas  the  OMMS, 
although  apparently  more  delicate,  fared  much  better.  This 
seem^  due  to  more  robust  components  and  the  ability  to 
protect  the  optics  until  the  pilot  was  ready  to  take  off. 

Thus  H  can  be  seen  that  this  rudimentary  flight 
testing  of  the  devices  proved  Invaluable. 

4.2  OMMS  and  ALPHA  coupled  to  a  weapon 

eyalem 

Having  tested  the  sights  in  isolation,  the  next  step 
was  to  couple  them  to  a  weapon  system  so  that  their 
performance  and  usefulness  could  be  more  readily 
assessed.  A  particular  advantage  of  the  electromagnetic 
head  tracker  that  was  chosen  was  the  small  size  of  the 
sensor  which  had  to  be  fitted  to  the  sights.  As  indicated 
earlier,  this  sensor  was  positioned  on  the  bridge  of  the 
oxygen  mask  for  the  OMMS  and  on  the  brow  of  the  helmet 
for  the  AHMS.  Care  was  taken  to  calibrate  the  head  tracker 
with  each  device  a:xl  good  performance  was  subsequently 
obtained. 
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The  OMMS  was  found  to  behave  well  and  the  display 
could  be  seen  under  almost  all  conditions.  This  Included 
some  high  'g'  flights  in  a  Hawk  aircraft.  Visual  obscuration 
due  to  the  sight  assembly  was  acceptable  for  test  flying  but 
a  developed  version  would  address  this  problem  more 
closely.  The  dichroic  patch  on  the  combiner  was  found  to 
require  some  Improvement  to  reduce  outside  world  coloura¬ 
tion  which  was  soon  implemented. 

The  ALPHA  HMS  was  tested  under  similar  conditions 
to  the  OMMS  but  unfortunately  several  deficiencies  became 
apparent  almost  Immediately.  These  all  involved  the  optical 
design  of  the  display.  Firstly,  the  dichroic  patch  on  the 
visor  was  found  to  produce  an  unaoceptable  colouration  of 
the  outside  world  (similar  to  OMMS  but  more  pronounced). 
Secondly,  the  design  of  the  visors  did  not  alkiw  the  clear 
visor  to  be  raised  independently  of  the  dark  one  forcing  the 
pilot  to  view  the  patch  all  the  time  and  lastly,  mechanical 
deficiencies  in  the  optical  design  resulted  In  a  poor  display 
image.  This  highlights  the  potential  difficulties  that  can 
occur  when  the  visor  Is  employed  as  part  of  the  optical  train. 

These  problems  were  addressed  in  a  redesigned 
MK  2  AHMS  which  corrected  the  defidendes  and  per- 
formed  well  but  again,  visual  obscuration  by  the  sight 
assembly  would  need  to  be  reduced  in  a  developed  design. 
No  difficulties  were  encountered  with  the  helmet  under  'g' 
but  the  lack  of  adjustment  in  the  display  resulted  in  some 
careful  helmet  fitting  being  required. 

Both  the  AHMS  and  the  OMMS  gave  valuable 
information  on  helmet  sight  performance  under  'g'  and 
vibration.  Pilot  acceptance  of  the  devices  was  generally 
good  although  soma  individuals  accepted  the  concept  more 
readily  than  others.  This  effect  sometimes  mode  It  difficult 
to  isolate  genuine  problems  with  the  helmet  sights. 

It  was  particularly  interesting  to  note  the  ditferencns 
between  ground  experiments  artd  real  conditions.  In  the 
case  of  'g',  minimal  effects  were  reported  unUke  the 
difficulties  observed  in  the  centrifuge^.  Whereas  the 


It  was  noticeable  that  once  the  helmet  sights  could 
be  used  as  part  of  a  designation  system  the  deficiencies 
reported  earlier  became  less  important.  However,  this  was 
thought  to  be  a  temporary  affect  until  the  pilots  became 
more  familiar  with  the  concept.  With  the  helmet  sights 
linked  to  a  weapon  system,  the  symbols  could  be  driven  in 
response  to  the  differing  states  of  the  system. 


When  used  in  this  fashion,  as  part  of  the  aircraft  , 

systems,  tasks  could  be  performed  (eg  air  combat)  whbh  ; 

enabled  pilots  to  assess  the  effectiveness  of  the  helmr>t 

sights  and  provide  a  more  quantitative  measurement  of  j 

sight  performance.  As  before,  pilots  found  the  helmet  j 

sights  effective  and  were  able  to  achieve  a  high  degree  of  ) 

success  but  the  need  to  develop  a  strategy  for  their  use 
and  the  importance  of  training  immediately  became 
apparent. 
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9  KNOWLEDGE  GAINED  AND  LESSONS 
LEARNT 


From  the  flight  rest  results  of  the  OMMS  and  the 
ALPHA  HMS,  It  can  be  seen  that  fast-jet  helmet  sight/ 
displays  can  be  manufactured  and  trsed  successfully. 
However,  to  ensure  that  these  devices  can  be  used  without 
undue  limitations,  h  is  crucial  that  every  aspect  is 
addressed  carelully  even  with  the  simplest  of  devices.  It 
would  thus  seem  that  taking  targe  steps'  In  designing 
HMS/Ds  is  a  very  risky  venture. 

Human  factors  issues  are  still  paramourtt  in  spite  of 
20  years  of  HMD  development  and  study.  The  success  of 
the  two  helmet  sights  described  has  been  due  to  careful 
oonsideratfon  of  all  the  aspects  Involved,  particularly  the 
intended  environment.  Good  display  performance  has  been 
achieved  but  not  at  the  expense  of  safe  ejection  or  large 
weight.  Additionally,  both  devices  were  designed  to  ensure 
that  the  pilot  could  cr'pitallse  on  the  operational  enhance¬ 
ment  of  the  technology  without  limitations  to  *hn  flight 
envelope,  mobility  or  other  ergonomic  factors. 


I 

I 


It  should  be  noted  that  technology  has  helped 
considerably  In  achieving  these  goals  but  that  K  has  not 
been  expbited  unnecessarily.  This  has  often  ted  to 
problems  in  the  past  where  complbnted  designs  have  been 
produced  which  are  still  llml;ed  In  major  areas  (eg  display/ 
outside  world  viewabllHy  or  safety). 

Training  with  helmet  displays  has  also  been  found  to 
be  Important  toth  In  actual  use  of  the  device  and  familiarity 
with  the  overall  concept.  It  would  seem  that  this  is  as 
important  for  simple  sighting  displays  as  might  be  assumed 
for  complex  HMDs. 
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Fig  1  HMS  system 


Fig  4  HeadTrackar 


Fig  8  Alpha  HMS  aiiblast  test  mock-up 
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SUMMARY 

A  modern  integrated  iielmet  (IH)  consists  out  of  two  Image  Intensiller  Tubes  (IIT)  and  two  Cathode  Ray  Tubes  (CRT) 
with  an  optical  system  including  combiners  to  present  the  images  binocular.  Additional  symbology  can  he  superimposed 
to  the  CRT-  or  IIT-image.  An  IH  is  a  further  development  of  a  Helmet  Mounted  Display  (HMD).  A  hfelmet-Mounted-Sight 
(HMS)  can  steer  a  sensor  platform  with  a  thermal  camera  or  an  air-to-air  missile  system.  The  main  helicopter  (HC)  require¬ 
ments  of  such  a  system  are; 

o  human  factors 

o  optimized  day,  twilight  and  night  optical  modules 

0  large  exit  pupil,  good  transmission  of  the  optical  path  and  a  large  adjustment  range 
o  fit  of  helmet  Including  optimized  centre  of  gravity(CC)  and  weight 

o  good  geometrical  resolution  /  Modulation  Transfer  Function  (MTF)  with  a  large  Field  of  View  (FOV) 
o  high  focussing  range  of  the  IIT  and  a  good  S/N  ratio  below  1  mLux 
o  CRT  automatic  brightness  and  contrast  control 
o  flight  symbology  presentation  for  one  or  two  eyes 

0  good  static  and  dynamic  HMS-accuracy  with  a  large  Head  Motion  Box  (HMB) 
o  NBC  and  Laser  protection  compatibility 

MBB  and  the  Army  Corps  have  made  in  this  year  ground  and  flight  traits  with  an  Integrated  Helmet  and  a  HMS  on 
a  PAH  1  respectively  a  BK  1 1 7  helicopter.  The  paper  will  present  IH  requirements  for  HC  application  and  some  test  results. 


1.  INTRODUCTION 

MBB  is  presently  under  contract  to  the  German  ministry  of  defence  to  update  the  present  PAH  1  (antMank  helicopter 
BO  1 0S)  and  also  to  develop,  in  association  with  Aerospatiale/France,  the  TIGER  second  generation  antMank  helicopter 
(PAH  2).  Both  HC  are  expected  to  be  capable  of  flying  and  fighting  at  day/night  on  similar  missions. 

The  TIGER  has  installed  In  the  helicopter  nose  a  steerable  platform  with  a  30°  by  40°  piloting  thermal  Imager  (Tt) .  Cur¬ 
rently  the  complete  Pilot  Visionic  System  (PVS)  has  two  monocular  Helmet-Mounted  Sight/Displays  (HMS/D)  for  the  pilot 
and  copilot  cockpit.  The  monocular  HMS/D  Is  urtder  contract  by  Sextant  /  VDO.  The  Tl  sensor  alone  can  have  a  great  disad¬ 
vantage  during  a  24  hour  mission.  The  absolute  temperature  characteristic  or  the  emissivity  of  natural  materials  as  a  func¬ 
tion  of  a  24  hour  period  will  vary,  ref.  1 ,  2,  3,  4  and  5  p.  93.  A  thermal  zero  contrast  (wash  out  effect)  during  rainfall  or  a 
so  called  cross-over  effect  are  observed  especially  during  twilight  (morning  and  evening).  Then  the  foreground  is  not  de¬ 
tectable  against  the  background,  so  that  e.g.  pylons  can  be  become  very  dangerous  tor  the  helicopter  crew. 

Therefore  the  combination  of  the  two  visual  aids:  image  intenslfier  tubes  (IIT)  and  thermal  Imagers  (Tl),  which  are 
based  on  different  physical  principles,  is  better  suited  to  fulfil  the  increased  requirements  of  adverse  weather  conditions 
di.'ring  day  and  night  time.  These  two  visual  aids  can  be  combined  In  an  Integrate  Helmet  (IH)  with  binocular  vision  (two 
CRTs  and  two  IITs  on  the  helmet).  The  crew  can  switch  between  the  Intenslfier  tube  Image  and  the  thermal  Image  nearly 
without  any  delay.  Additionaily  flight  symbology  can  be  superimposed  with  the  images. 

The  available  HMS-eystems  work  on  different  physical  prindpiet  MBB  has  lasted  an  electromagnetic  AC-system 
in  the  FLAB  program,  ref.  1  snd  during  Gun  Turret  test  trials.  In1990an  electromagnetic  OC-eystem  and  an  electro  acoustic 
system  were  tested  for  the  PAH  2  application,  ref.  8. 

Two  suitable  IHs  with  a  HMS  wore  tested  In  the  MBB  visionic  lab.  In  parallel,  two  PAH  1  helicopters  have  been  equipped 
with  the  Race!  RAMS  ind.  QEC  Avionics  KNIGHT  HELM  and  with  an  Et>lt  HALO  Night  Vision  and  Mission  Management 
Systems.  These  are  to  be  used  In  troop  trials  at  CeRe,  FRG,  to  gather  experlonoe  of  operations  wHh  state  of  the  art  equipment 
before  deciding  on  the  final  corrfiguration.  The  first  time  a  Night  Vision  System  with  CRTs  flight  symbol  p.'esentatlon  and 
IITs  in  an  IH  KNIGHT  HELM  Induding  see  through  capability  were  tsstad  on  a  helloopler  (HC).  Presently,  the  PAH  1  sys¬ 
tem  has  no  Tl  piloting  sensor.  Therefore  a  thermal  image  evaluation  with  CRTs  was  not  possUe,  but  a  TV  image  was  avail¬ 
able  in  the  HC  for  IH  application. 


2.  INTEGRATED  HELMET  SYSTEMS  ’’WITH  SECOND  SENSOR” 

2.1  R«vl*w  Of  oxlstlng  Intognitod  Holnwts  with  CRTs  and  llTs 

2.1.1  GEC  Avionicc  KNIGHT-HELM 

The  basic  KNIGHT  HELM  provides  NVG  operation  by  IITs  and  the  CRTs  generated  displays  of  Tl  and  symbology  (FOV 
35°  circular).  This  combined  IIT/CRT  Helmet  Display  offers  a  high  lavel  of  system  flexibility  and  failure  survival.  The  equlp- 
menf  Is  suited  to  In-service  life,  because  all  the  electro-optical  parts  are  protectod  by  the  helmet  shell.  New  materials  are 
being  used  for  this  helmet  shell  to  retain  strength  and  impact  protection  In  a  lighter  weight  structure.  The  optical  modules 
are  very  compact  and  can  bo  adjusted  for  Inter  pupillary  distance  (IPD)  and  can  be  moved  slightly  (up/down  and  fore/aft) 
with  respect  to  tire  helmet  shell,  "nio  see-through  capability  is  mandatory.  PAH  1  trail  uses  one  dey/night  module  but  GEC 
has  now  doveloped  a  modular  concept  for  IH.  1^.  1  shows  the  GEC  KNIGHT  HELM,  ref.  7  and  8.  The  cunenf  status  of  the 
IH  is  readiness  for  TIGER  development.  If  go  ahead  will  be  dsclded. 


Fig.  1  Integrated  Helmet  KNIGHT  HELM  from  GEC  Avionics  with  IITs  and  CRTs  Displays  using  flat  eyepieces  like  minl- 
HUD  prisms 

2.1.2  Honeywell  MONARC  (Monolithic  Afocal  Relay  Combiner) 

The  basic  helmet  has  a  shell  which  can  be  fitted  with  an  Individual  form  fit  liner.  WHh  this  good  adaptation  the  helmet 
provides  a  comfortable  centre  of  gravity.  On  both  sides  of  the  basic  helmet  are  adapted  the  optical  modules  with  biocular 
(only  one  imago  source  but  two  tubes)  CRT  displays  and  binocular  IITs  (FOV  36°  circular).  The  images  of  lliese  two  chan¬ 
nels  are  displayed  with  a  monolithic  afocal  combiner  to  the  eyes.  The  se^hrough  vision  of  the  wearer  Is  ensured  and  the 
Held  of  regard  is  slightly  obstructed.  Each  of  the  tumable  combiners  is  part  of  the  optical  module.  The  optical  modules  can 
be  adjusted  for  IPD  and  may  be  moved  up  and  down.  The  MONARC  was  tested  for  several  days  at  MBB  lab  and  was  flown 
for  several  days  on  PAH  1 .  Fig.  2  shows  the  Ho.-aywell  MONARC,  ref.  4,  5  and  9.  The  current  status  of  the  IH  is  readiness 
for  TIGER  development.  If  go  ahead  will  be  decided. 


Fig.  2  Integrated  Helinet  MQNARC  from  HonoyweN  wNh  CRTb  and  iflb  Displays  using  tumable  combiners 


2.1.3  Kaiser  Electronics  STRIKE  EYE 

The  basic  helmet  has  a  shell  which  can  be  fitted  with  an  Individual  :omi  fit  'iner.  Or'  both  sides  of  the  basic  helmet  the 
optical  modules  with  bkx  ular  (only  one  Image  source  but  two  tubes)  CRT  displays  (30°  by  40°  overlap)  and  binocular  IITs 
(FOV  30°  circular)  are  adapted  in  eye  position.  The  Images  of  these  two  chan.iels  are  displayed  with  combiners  from  above 
the  eyes.  The  see-through  vision  of  the  wearer  Is  ensured.  The  r<.  ubinsrs  are  retractable  and  adjustable,  see  fig.  3  and 
ref.  4  and  10. 


Fig.  3  Integrated  Helmet  S')  RfKE  EYE  ffom  Kniser  Eiactroriccs 


2.1.4  Sextant/VOO  Helmet  Mountsd  SIgnVDIsplay  with  Llgtit  Intenslflsrs 

The  basic  helmet  Is  personal!:cod  and  l«  generally  Kept  by  its  wearer.  It  is  a  new  design,  using  modem  composite  materi¬ 
als  and  optimization  techniques,  this  was  necessary  (o  provide  adequate  mechanical  mounting  for  the  Oay/NIght  Module, 
minimizing  the  helmet  weight.  On  both  sides  of  the  basic  helmet  the  optical  modules  with  blocular  (only  one  Image  source 
but  two  tubes)  CRT  displays  and  binocular  li'i's  (FOV  40’'  circular  design)  are  adapted  In  eye  position.  The  images  of  these 
two  channels  are  displayed  with  combiners  from  above  the  eyes.  The  see-through  vision  of  the  wearer  is  ensured.  The 
combiners  are  retractable  and  adjustable.  $>lnoo  June  1939  a  technical  exchange  took  place  between  Sextant/VDO  and 
Kaiser  Electronics  mainly  In  ergonomy  field.  The  current  status  of  the  IH  Is  readiness  for  TIGER  development,  if  go  ahead 
will  be  decided,  ref.  11  and  fig.  4. 


Fig.  4  Integrated  Helmet  (proposal)  from  SextanWDO 
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7.2  Mission  aspects  and  optical  day  /  night  modules 


A  Tactical  Right  (TF)  Including  Nap  of  the  Earth  (NOE)  mission  will  occur  approx.  25%  of  total  flight  hours  and  a  Night 
Tactical  Right  (NTF)  approx.  15%  with  visual  aids,  that  means  with  IIT  during  night  or  Tl  during  day/nIght.  An  IH  Improves 
the  safety  analysis  dras^liy.  If  a  night  flying  system  with  two  night  sensors  uses  the  IITs  on  the  helmet,  then  the  HMS,  the 
CRTs  and  Tl  sensor  platform  can  have  a  failure.  The  IITs  have  two  trattery  packs  which  are  Independent  from  the  HC  power 
supply.  The  reliability  and  flight  safety  analyses  including  a  catastrophic  tautt/event  Improves  tremendously. 

Symbology  projection  Into  cne  eye  or  two  eyes  for  day/night  applicaflon;  The  IH  KNIGHT  HELM  Incorporates  a  bin¬ 
ocular  arrangement  with  two  separate  lilb  and  separate  left  and  right  CRT;  thus  enabling  full  flight  symbology  or  outside 
world  scene  via  a  thennal  Imager  to  be  displayed  in  the  helmet.  The  technique  of  presenting  Infonnatlon  to  a  pilot  In  this 
manner  is  complex  and  requires  the  pilot's  eyes  and  brain  to  integrate  the  information  displayed,  to  produce  one  Image  and 
not  a  double  image. 

The  CRTs  of  KNIGHT  HELM  are  nominally  focussed  to  be  compatible  vrKh  the  IITs,  aixJ  the  optics  are  designed  to  cope 
with  a  certain  latitude  In  the  point  of  focus  of  the  pilots  eyes,  i.e.  whether  he  is  looking  close  or  distant.  When  using  Tl,  the 
IITs  should  be  switched  off,  and  the  pilots  view  one  image  from  two  CRT  sources.  This  Is  a  usual  technique.  When  using 
IITs  plus  fllglit  symbology  the  pilot  has  to  integrate  one  image  from  tour  sources;  two  IITs  plus  two  CRTs.  This  is  complicated 
by  the  to  .:u8slng  and  convergence  properties  of  the  eye.  In  any  case  the  magnification  of  the  systems  should  be  1 :1 .  Cer¬ 
tain  pilots  flying  the  PAH  1  have  had  difficulties  in  focussing  upon  the  flight  symbology  in  the  helmet.  GEC  has  made  Investi¬ 
gation  to  confirm  that  the  focal  plane  of  the  two  CRTs  matches  that  of  the  IITs. 

Whilst  two  CRTs  are  mandatory  for  night  flying  with  thermal  images,  two  CRTk  may  not  be  necessary  tor  night  vision 
with  flight  symbology.  In  fact  studies  have  shown  that  a  pilot  receiving  infonnatlon  from  CRT  to  one  eye  may  not  be  able 
to  distinguish  which  eye  is  receiving  the  intonnation.  Double  images  of  the  flight  symbology  or  the  scene  appear  as  eye 
convergence  is  shifted  to  fix  nearby  objects  while  the  ooltimated  symbology  Is  at  infinity  focus,  by  definition. 

To  improve  the  situation  wKh  PAH  1  GEC  Avionics  implemented  a  switch  to  allow  the  pilots  to  select  manually  left  CRT, 
right  CRT  or  both.  The  results  were  favouraUa;  the  problems  associated  with  Image  sepcration  and  headaches  when  using 
flight  symbology  decreased  and  the  pilots  ware  at  liberty  to  use  two  CRTs  again  tor  Tl. 

Auto  Contrast/Brightness  Sensor  for  CRTs:  Pilots  have  expressed  dissatisfaction  that  the  brightness  and  contrast 
levels  of  the  flight  symbology  in  the  helmet-CRTs  are  only  manually  adjustable.  Under  certain  ambient  light  conditions  at 
night,  the  outside  light  level  is  bright,  requiring  the  symbol  brightness  in  the  helmet  to  be  Increased.  But  when  the  pilot  then 
looks  into  foreground  for  example,  the  symbols  are  too  bright  compared  with  the  night  vision  scene.  To  improve  this  situation 
GEC  Avionics  are  implementing  an  auto-contrast  control.  When  auto-contrast  is  selected,  a  photo  detector  assembly 
mounted  on  the  helmet  will  increase  or  decrease  the  pre  set  contrast/brightness  level  dependent  upon  whether  the  pilot 
looks  into  a  bright  or  dark  area.  This  sensor  will  only  affect  the  symbology  displayed  by  the  CRT  since  the  IIT  incorporates 
a  separate  auto  brightness  function. 

Form  Fit  Liners  should  ensure  that  the  helmet  is  peraonalixed  to  each  pilot  and  provide  a  comfortable  platform  for 
the  Integrated  Helmet  with  correct  performance,  lifetinie,  compliance  and  comfort.  Orie  of  the  particular  problems  GEC 
Avionics  has  encountered  through  the  trials  Is  that  one  helmet  liner  Is  not  ideally  suited  to  be  used  in  two  helmets  ol  different 
weights,  I.e.  night  vision  only  helmet  and  helmet  with  night  vision  and  CRTs  (compare  chapter  2.6.).  When  GEC  Avionics 
supplied  the  second  helmet  for  evaluation  (which  contained  only  night  vision  without  CRTs),  there  was  some  criticism  by 
the  pilots  that  the  helmet  shell  was  smaller  and  lees  comtortable  than  the  first  helmet  supplied.  In  fact,  the  two  helmets  were 
exactly  the  same  size  despite  contrary  pilots  comments.  Indeed  the  seoorKi  helmet  was  constmcted  with  slightly  more  car¬ 
bon  fibre.  This  produces  a  much  stronger  shell  which  provldee  greater  protection  In  the  event  of  crash  landing,  although 
the  shell  may  create  the  Impression  that  It  has  a  smaller  size. 

The  Centre  of  Gravity  (CG)  of  the  two  helmets  Is  different.  If  the  CG  of  the  IH  la  correct,  the  subjective  impression 
of  the  two  helmets  being  too  small  may  diminish.  Fig.  5  shows  the  CG  of  head,  helmet  and  NBC-mask  and  the  different 
torques,  which  act  on  the  head.  Also  the  centre  of  head  motion  and  the  origin  of  force  of  the  extensor  muscle  is  shown.The 
helmet  should  be  dosigned  that  the  total  torque  to  the  head  keeps  nearly  constant  with  or  withoul  helmet.  This  is  very  impor¬ 
tant  specially  under  high  g-loads.  But  In  reality  the  main  opUc  ports  ore  tocated  on  the  front  side  of  the  helmet.  Therefore 
parts,  which  doni  have  a  fixed  position  Hke  e.g.  battertes,  should  be  mounted  on  the  back  of  the  helmet  as  a  balancing 
weight.  For  fixed  wing  aircrafts  a  mmiimim  of  helmet  weight  is  the  most  important  point  of  helmet  design,  no  additional 
mass,  which  has  only  a  balance  function.  Is  aoosptoble.  Otherwise  the  pilot  gM  tired  and  unconoentrated  under  the  strain 
of  a  high  helmet  mass  after  a  short  period.  For  helicopter  appHoatton  some  of  the  german  army  pilots  advocate  the  opinion 
that  the  correct  centre  of  gravity  Is  the  main  requirement.  Thev  would  accept  additional  mass  only  with  balance  function. 

Chin  Cup:  Originally  the  KNIGHT  HELM  was  supplied  wNh  a  leathar  padded  neck  strip.  The  pilots  expressed  concern 
that  the  neck  strap  was  uncomfortable  and  did  not  aid  helmet  stability.  The  neckstrap  was  exchanged  tor  a  chin  strep. 

During  the  PAH  1  flight  trials  It  became  obvious  that  regardless  ofthe  parameters,  the  exit  pupil  Is  perhaps  the  nwet 
important  consideration  along  with  weight,  field  of  view  (FOV),  resolution  and  brightness  gain.  A  large  exit  pifoll  (greater 
than  1 3  mm)  provides  a  very  user  friendly  system ,  giving  great  oonfldsrwe  and  comfort  by  knowing  that  there  Is  a  lar^  night 
vision  window  to  look  through.  If  the  IH  shall  be  mo\^,  the  pilot  will  not  suddenly  loose  his  vision  of  the  outside  and  IIT  image. 
A  drawback  of  a  large  exit  pupil  is  the  Increase  of  optical  module  weight. 
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Fig.  5  Centre  of  gravity  definition  for  human  head.  A  NBO-mask  Is  shown  in  this  Centre  of  gravity  diagram  (ref.1 7). 


Other  important  parameters  of  a  good  IH  layout  are: 


o  adjustment  comfort  for: 

-  Inter  pupillary  distance,  vertical,  fore/att/tilt  (eye  relief) 
remark:  personal  adjustment  on  helmet; 

-  divergence  setting  (stereo  acuity),  dipvergence  tolerance,  overlap,  magnification  1 :1 
remark:  adjustment  at  supplier. 

o  good  look  around  total  field  of  regard  (peripheral  vision)  whh  low  obscuration  of  optical  combiner  edges,  CRT- 

and  IIT-FOV  with  40°  circular,  magnifjcatlon  1:1. 

o  crash  protection 

o  Man  Machine  Interface  (MMI):  -wearing  comfort,  -usage  of  helmet,  -cockpit  workload,  -Laser  protection, 
-NBC-mask  compatibility,  -HID-compatibllity,  -cockpit  illumination  compatibility  with  IIT  channel 

o  reliability  and  flight  safety  requirements:  catastrophic  fault  should  be  zero 

o  speech  /  communication 

o  noise  damping  /  active  sound  attenuation 

o  easy  modes  /  functions 

o  fulfillment  of  environment  requirements  specially  temperature,  vibrations,  EMC  /  NEMP 

o  depth,  motion  (optical  flow)  and  stereoscopic  view  perception:  biocular  display  gives  a  square  root  2  ad¬ 
vantages  for  two  eyes  in  MCT  (modulaton  contrast  thresholds),  binocular  IITs  In  an  IH  have  a  base  line  of  ap¬ 
prox.  260  mm  compared  to  approx.  60  mm  IPO  in  NVG,  remark:  problems  of  distance  estimation  arises  and 
new  training  is  necessary  compared  to  NVQ  HC  flight,  magnification  problemsi  Ivan  Sutherland  has  said, 
ref.  4,  p.  82  and  ref.  13: 'Although  stereo  presentation  is  important  to  the  three-dimensional  Illusion,  it 
Is  less  important  than  the  change  that  takes  place  In  the  Image  when  the  observer  moves  his  head.  Psycholo¬ 
gists  have  long  known  that  moving  perepective  images  appear  strikingly  three-dimensional  even  without  ste¬ 
reo  presentatiorr. 

o  quick  release  connector  with  high  tension  safety,  umbilical  cable 
o  Boresighting  Reticle  Unit  (BRU)  In  the  cockpit  wKh  easy  alignment  functions 
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2.3  Comparison  of  the  IH-OesIgn  with  a  separate  Day/Nlght  or  a  combined  Day/Night  Module 
2.3.1  Day  Module  and  Night  Module  each  separata 


DAY  MODULE  NIGHT  MODULE 

Rg.  6  Integrated  Helmet  with  a  separate  day  and  night  module 


Advantages  and  disadvantages  of  a  design  with  separate  day-  and  night-  modules: 


advantages 

modules  separate  from  basic  helmet,  each  pilot  has  his  own  basic  helmet  (per¬ 
sonalized),  optical  modules  belong  to  HC 
min.  weight  on  helmet  for  each  day/nIght  mission 
optimized  transmisslon/brightnass/contrast  on  daytime  with  2  CRT  only 
optimized  transmIssion/brIghtness/contrast  In  the  night  with  2  CRT  and  2  IIT 

drawbacks 

change  of  modules  necessary  during  twilight 
-  storage  problems  of  modules  In  HC 

2.3.2  One  Day/Nlght  Module 

The  principal  design  of  an  IH  with  a  combined  Day/Nlght  Module  Is  shown  In  Fig.  7 


CRT 

V 


Fig.  7  Integrated  Helmet  with  combined  Day/nIght  Module 


Advantages  and  drawbacks  of  a  combined  day-  /  night-  module: 


~1 

advantages 

no  storage  problems  In  cockpit 

mission  can  be  flown  safely  without  change  of  modules 

minimal  parallax  between  eye  and  night  vision  channel  (IIT) 

drawbacks 

weight  of  helmet  higher  than  with  separate  modules 

transmission  levels  not  optimized 

possibility  that  optical  modules  are  fixed  integrated  In  the  helmet 
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=»  Resume  from  GEC,  ref.  5,  p.92: 

-  It  is  possible  to  optimize  a  helmet  display  for  DAY  use. 

-  It  is  possible  to  optimize  a  helmet  display  for  NIQHl'  use. 

-  But  it  is  not  possible  to  optimize  one  helmet  display  for  both  day  and  night  use. 

This  configuration  works  very  well  in  a  night  mission  if  the  combiner  has  e.g.  70%  transmission  for  IIT/CRT  channel 
and  a  high  IIT  gain  of  approx.  Scd/sqm  luminance  level.  However  the  drawback  in  daytime  is  that  the  combiner  has  an  cut- 
side  transmission  of  only  30%.  This  Is  to  low  for  a  cloudy/overcast  day.  To  improve  the  day  transmission  for  the  CRT  channel 
(brightness  up  to  34  OOOcd/sqm)  an  optical  or  mechanicat  switch  can  solve  the  problem,  compare  Fig.  8  . 

Fig.  8  shows  the  problem  area  of  day/night  transmission  splitting. 


Fig.  8  Optical  paths  of  a  combined  day/night  module  with  optical  o  rechanical  switch 
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2.4  Lab-Tests  and  HC-Trlals  with  PAH  1  Demonstrator 

The  testing  at  the  MBS  laboratory  was  imptemented  for  two  Slate  of  the  art  Integrated  Helmets,  KNIGHT  HELM  and 
MONAHC.  compare  flg.1  and  2.  The  test  method  for  the  optical  IIT  resolution  measurement  shows  Rg.  9.  The  distance 
of  the  test  target  to  the  eye  position  Is  approx.  7m.  The  test  pattern  Is  a  USAF 1951  target  with  approx.  70%  contrast. 


Fig.  9  Top  View  of  the  Tost  Set  to  measure  the  Resolution  and  Sensitivity  of  NVG’s  and  Integrated  Night  Vision  Helmets 
as  a  furxrtion  of  illumination  level. 

During  extensive  flight  trials  (May  90  to  Jan.  91)  the  Gennan  Army  compared  the  established  Philips  Night  Vision 
Goggles  (NVG)  3rd  generation  tubes  with  the  KNIGHT  HELM.  In  the  landscape  of  Northern  Germany,  the  lighting  conditions 
under  which  the  goggles  must  perform  can  vary  over  almost  four  decades,  from  0.  t  mLux  to  almost  500  mLux,  presenting 
any  NV  with  a  very  severe  task.  The  German  Army  Is  expected  to  fly  in  a  particularty  stringent  combination  of  circum¬ 
stances;  overcar  ‘starfight,  mist  and  predpltation  at  very  low  altitude,  two  or  three  meters  above  ground  level  between  areas 
with  obstacles.  T  t  amfafent  light  available  may  be  only  0.3  mLux  or  below.  The  experience  shows  that  there  is  no  substih.'te 
tor  flight  trials,  e  ;  and  sfmula:or  tests  only,  to  completely  understand  an  IH. 

The  Philips  NVG  « the  benchmark  of  the  IHs: 

The  Philips  NVG  comprises  two  identical  straight  through  monoculars  with  fixed  objective  focus  (approx.  10m  to  Infinity) 
and  adjustable  eyepleM  locus.  The  ot^ective  is  a  26  mm  focal  length,  F-No.  1 .2  lens  with  a  circular  field  of  42°  and  a  magnifi¬ 
cation  of  t ;  1 .  The  two  monoculars  are  held  together  at  the  front  on  a  tilting  hinge  lor  adjustment  of  IPD  at  the  rear.  AcQustment 
of  IPD  wll  vary  the  FOV  overlap.  A  torch  lamp  is  attached  to  the  front  of  the  binocular  channels  and  operates  by  a  lip  switch 
to  illuminate  the  cockpit,  ref.  12.  The  resolution  measurement  will  be  shown  in  the  next  chapter  2.5. 

The  main  results  of  IH  including  problem  areas  will  be  discussed  in  the  next  chapters. 


2.5  Image  Intensifler  Thbe  -  Testing 

Tests  were  canied  out  at  MBB  on  the  optical  performance  of  the  IITs;  Philips  3rd  gen.  NVG,  KNIGHT  HELM  and  MO¬ 
NARC.  The  left  hand  and  right  hand  IfTs  were  tested  together  with  a  two  altemative  forced  choice  (2AFC)  method  to  deter¬ 
mine  resolution.  Additionally  the  USAF  1951  test  pattern  was  used.  The  objective  lenses  were  focussed  correctly  with  the 
7m  object  distance.  A  fixed  color  temperature  light  source  from  an  integrated  sphere  was  available.  The  illumination  levels 
were  measured  r. .  the  IH  and  in  the  target  plane.  The  results  are  shown  in  fig.  1 0. 
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Fig.  10  Resolution  tests  for 3.Gen.  NVG  FOV42°circ.{ - ^).  KNIGHT  HELM  FOV35»clrc.( - and  MONARC  FOV 

35''clrc.( . ) 


Other  important  parameters  of  a  good  I  IT  layout  are: 


0  good  brightness  at  low  background  illumination  (LBI)  is  necessary 

o  Automatic  Gain  Control  (AGC)  lies  between  1500  and  2900  at  10~^  cd/sqm 

o  daylight .  .ters  (neutral  filters)  for  training  purpose  are  desirable  with  attenuation  of  1 0~^  and  1 0'* 

o  645  nm  cut  off  filters  with  antlfluorescent  coating  were  used 

o  image  quality;  snow/sclntlllatlons  (S/N)  and  homogeneity  over  combiner  must  be  good 

o  tube  life  time,  (InSb  sealing  I),  temperature  range  with  full  perfomnance  between  -12°  C  and  42°  C 


2.6  CRT-Testing 

A  1  *  tube  has  a  25mm  diameter  faceplate  with  a  screen  diameter  of  1 9mm.  The  spot  (pixel)  size  is  approx.  1 8pm  at 
200ftL  or  25pm  at  SOOftL  for  P43  Phosphors  (gaussian  prorile).  If  one  considers  a  future  requirement  for  a  high  luminance 
(approx.  1 0  OOOftL)  allowing  daylight  raster  viewabllity  then  this  will  require  at  the  present  time  a  further  sacrifice  in  resolution 
with  a  low  drive  value  of  24pm  and  a  high  drive  value  of  32pm. 

Other  parameters  of  a  CRT  are: 


o  high  brightness  necessary  for  day  flight  with  symbology,  same  brightness  of  the  two  images 
0  1 0  grey  levels  with  relative  good  brightrress  a:Kl  contrast 

o  high  resolution  Image,  approx.  18pm  spot  size  or  approx.  40  Lp/mm  with  good  quality/homogeneity/ 
min.distortion,  same  for  both  CRTs 

o  high  brightness  (approx.  4  000  ftL)  with  poor  resolution  and  reduced  grey  levels, 
o  no  vignetting  of  image  edges,  low  distorsion 

o  ghost  image  (double  image)  should  be  zero;  coating  problems  at  IIT/CRT-beamsplittor  (reflections) 
o  fast  Stroke  (cursive)  symbols  written  in  Raster  flyback  /  Raster  display  of  sensor  video  possibility 
o  head  roll  compensation  necessary 

o  optimized  overlap,  divergence  and  dipvergence  of  the  two  channels 
o  raster  scan  generator  shows  0.8  cycle/mrad  for  KNIGHT  HELM  and  MONARC 
o  circular  test  pattern  shows  low  distortion, 
o  electronic  distortion  compensation  necessary 
o  high  voltage  Isolation 


2.7  Nose  or  Helmet  Solution  for  a  Second  Night  Vision  Sensor 

2.7.1  General  remarks  to  IIT-CCO  sensors  for  use  as  Nose  Solution 

The  IIT  image  is  converted  with  a  CCD  (Charged  Coupled  Device)  to  video  standard  and  displayed  with  a  CRT  to  the 
eye.  The  alignment  of  IIT  and  Tl  channel  is  much  easier..  Electronic  image  processing  for  image  fusion  can  be  used  as 
growth  potential. 

A  strong  drawback  is  the  dependence  of  power  for  both  channels.  If  HC  power  falls  no  redundancy  will  exist.  The  flight 
safety/rellability  decreases  with  this  arrangement. 


2.7.2  Second  Sensor  Installation  Comparison  between  HC  Nose  Solution  and  Helmet  Solution 
There  are  two  possibilities  to  install  the  IIT  sensor: 
o  nose  solution  with  IIT-CCD  and  Tl  sensors,  fig.11  . 
o  helmet  solution  with  IIT  sensors  on  helmet,  Tl  sensor  on  HC  nose,  fig.  1 2. 

The  1  l/IIT-CCD  sensors  are  located  in  the  HC  nose  below  the  pilots  design  eye  point  steered  by  HMS.  This  can  pro¬ 
duce  problems  of  parallax,  wrong  depth  perception  and  apparent  rrmtion.  However  If  the  IIT  channels  are  helmet  mounted, 
there  exist  problems  with  swKching  of  two  different  visual  reference  points. 


i 


1 


.  1 
I 


f 


I 


3-10  1 


NOSE  MOUNTED 
PLATFORM 


Fig.  11  Nose  solution  with  flT-CCD  and  IH  has  only  2  CRTs. 

Aspecis  of  the  Nose  Solution;  i 


operational 

advantages 

free  of  parallax  between  sensors  on  plattom,  but  not  between  sensur  and  eye  (with  di¬ 
rect  view) 

video  signal  of  IIT-CCD  and  Tl  available,  image  processing  (sensor  fusion)  is  possible 

-  sensors  optimized  for  day-,  twilight-  and  i  right  -  conditions  without  changing  of  any  op¬ 
tical  modules 

-  lower  weight  on  helmet 

operational 

disadvantages 

platform  slaving  error  in  relation  to  the  head  Lino  of  Sight  (LOS) 

-  additional  equipmant  has  to  be  mounted  on  an  existing  platform 

-  less  roduftdancy  than  the  case  with  IIT  only,  degraded  flight  safety 

economic  and 
program  aspects 

higher  costs  compared  to  helmet  solution  if  an  existing  system  shall  be  retrofitted 

I 
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Rg.  12  Helmet  Solution  with  2  CRT  and  2 IIT  sensors. 


Aspects  of  the  Helmet  Solution: 


- 

natural  use  of  the  visual  aids 

- 

no  slaving  error 

- 

no  parallax  between  eye  and  IIT 

operational 

- 

installation  easier 

advantages 

- 

high  redundancy 

— 

high  reliability 

- 

high  flight  security 

- 

easy  hardware  update 

- 

less  aircraft  weight 

2  optical  modules  necessary  (for  day  and  night) 

operational 

- 

parallax  between  Tl  and  IIT 

disadvantages 

additional  weight  on  helmet 

Image  processing  not  possible 

greater  helmet  complexity 

economic  and 

— 

lower  costs  compared  to  txwe  If  a  retrofit  of  an  existing  system  should  be  realized 

program  aspects 

- 

posable  solution  for  different  types  of  helicopters 

3.  HELMET  MOUNTED  SIGHT  SYSTEMS 


3.1  Principles  Of  HMS  -  Systems 

The  purpose  of  the  HMS  Is  to  steer  etther  a  platform  with  optical  sensors,  a  landing  light  platform  or  a  weapon  platform 
in  accordance  with  the  head  motion  of  e.g.  a  Irelicoptercrew.  Fig.  13  shows  the  silhouettes  from  TIGER-HC  from  the  side. 
The  measured  values  of  the  head  motion  angles  must  be  of  high  accuracy  and  to  be  available  with  a  minimum  of  time  delay. 


Fig.  13  PAH  2  with  steerable  platform  and  HMS-system 

The  helmet  mounted  sight  systems  can  be  realized  using  different  physical  principles.  In  the  following  the  important 
HMSs  of  today  are  described  with  their  main  characteristics; 

AC-Electromagnettc  Systems  (e.g.  Polhemus,  Ferranti,  Sextant) 

~  based  on  alternating  electromagnetic  waves 

-  transmitter  (3  orthogonal  coils)  mounted  in  HC-coclg>lt 

-  receiver  (3  orthogonal  coils)  mounted  on  the  helmet 

-  calculating  head  diroction  inside  the  Head  Motion  Box  (HMB)  according  the  Induced  voltages 

-  disturbances  whilst  changing  metal  surrourtding 

-  cocKprt  mapping  necessary 

OC-ElectromagnetIc  Systems  (e.g.  GEC  Avionics) 

-  based  on  quasi-constant  electromagnetic  field 

-  transmitter  (3  orthogonal  colls)  mounted  In  HC-cockpit 

-  receiver  (3  orthogcnal  colls)  mounted  on  the  hsimet 

-  receiver  is  working  like  a  magnetometer 

-  OC-systems  are  less  sensitive  to  metals  as  AC-systems 

Electro  Acoustic  Systems  (e.g.  TST) 

-  based  on  ultrasonic  waves 

-  transmitter  (e.g.  6  pieces)  mounted  on  the  helmet 

-  receiver  (e.g.  6  pieces)  mounted  in  HC-cockpit 

-  head  direction  is  calculated  according  the  propagation  time  of  ultrasonic  waves 

-  prdse  code  modulation  prevents  disturbances  from  any  ultrasonic  noise 

-  disturbances  due  to  rapid  changes  of  dispersion  medium  air  are  possible,  the  Influence  of  normal  cockpit  airflow 
is  compensated 

Pattern  Recognition  systems  (e.g.  ELOP) 

-  receiver  is  a  CCD  camera  mounted  in  the  HC-cockpit 

-  transmitter  Is  a  geometric  pattern  which  is  painted  on  the  helmet  or  a  pattern  of  LEDs  which  is  mourrted  on  the 
helmet 

-  head  direction  is  calculated  with  the  aid  of  image  processing  of  the  video  image  of  the  pattern  on  the  helmet 

-  disturbances  whilst  sensor  saturation  due  to  direct  sun  light  illumination 

-  problems  in  detecting  the  geometric  pattern  during  night 

Electro  Optical  Systems  (e.g.  Honeyweli,  IHAOSS) 

-  transmitters  are  special  units,  mounted  in  the  HC-cockpit,  emitting  pulsed  IR-radiation 

-  receivers  are  two  IR-detector  sets  mounted  on  each  side  of  tt)e  helmet 
~  problems  may  occur  if  direct  sunlight  disturbs  the  detectors 
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3.2  Test  Procedures 
3.2.1  Error  Definition 

An  Important  point  for  understanding  and  comparison  of  tracker  errors  Is  an  exact  definition  of  the  errors. 

In  Fig.  1 4  we  have  plotted  the  error  definition.  The  diagram  shows  the  statistics  of  measurements  of  a  common  value. 
Plotted  on  the  y-axis  Is  the  occurrence  of  the  feed  back  value  of  the  measurements.  There  is  a  distribution  of  the  values 
around  a  maximum  of  occurrence. 

The  maximum  enor  Is  calculated  by  the  difference  between  command  value  and  feed  back  value  plus  the  reproducibili¬ 
ty  of  the  feed  back  value.  This  maximum  error  has  two  different  error  types:  the  systematic  error  and  the  statistic  error. 

Systematic  error: 

The  deviation  between  command  value  and  measured  feed  back  value  depends  on  the  command  value.  It  can  not 
bo  given  as  a  general  function,  because  the  dependence  is  specific  to  the  HMS-alIgnment.  This  is  a  systematic  error.  If  the 
measurement  system  Is  well  known  arMi  has  a  good  reproducibility  this  error  could  be  corrected.  In  case  of  a  HMS-system 
this  will  be  done  by  cockpit-mapping  and  after  full  system  development  the  systematic  error  should  be  nearly  zero. 

Statistic  error: 

The  most  important  error  value  Is  the  reproducibility  (o).  This  value  determines  the  minimal  approachable  system  ac¬ 
curacy.  The  tolerance  values  can  be  defined  In  a  -  or  standard  deviation  (SD)  values.  Chapter  3.3.2  describes  also  the 
circular  error  probability  (CEP)  for  o*  (AZ)  and  Oy  (EL). 


Rg,  14  Error  Definition 


3.2.2  Test  Equipment 

In  fig.  15  the  principle  setup  of  the  MSB  accuracy  test  rig  is  shown.  The  basis  of  the  tig  are  two  metal  plates.  Three 
mounting  screws  allow  a  vertical  adjustment  and  a  tilting  of  'he  plates  together.  On  the  upper  plate  the  stepper  motor  for 
the  azimuth  movement  is  fixed.  The  whole  helmot  fixture  is  mourrted  on  this  motor.  Ai'ditionaliy  an  angular  steel  support 
is  fixed  to  mou.nt  a  second  stepper  motor  with  vertical  axis,  'i  his  motor  Is  connected  with  a  mechanical  linkage  which  allows 
the  movement  of  the  helmet  in  elevation. 

One  requirement  to  the  test  rig  is  the  use  of  non-metalNc  materials  above  the  step  ler  motors  to  be  able  to  test  HMS- 
systems  on  electromagnetic  basis.  Motallic  influences  of  the  test  rig  Iteelf  cannot  be  ac  ^pted  during  testing. 

The  movement  of  the  helmet  In  azimuth  and  elevation  is  fully  automated  and  con  putar  controlled.  The  command 
values  can  be  given  from  a  PC.  A  special  software  converts  the  angle  values  to  motor  steps  and  controls  movement,  veloc¬ 
ity  and  acceleration  of  the  motors.  The  maximal  resolution  of  the  stepper  motors  is  0.01°  at  a  maximal  velocity  of  100°/s. 
The  helmet  movement  in  roll  can  be  done  manually  In  steps  of  15°. 

The  maximal  angle  range  of  the  helmet  movement  is  limited  by  the  mechanics  of  the  test  rig  to: 
azimuth  W-180° 
elevaticn  +25°,  -30° 

-  roll+/-45°. 

The  accuracy  of  die  MBB  testrig  has  been  tested  and  has  the  values  of; 

0.01°  In  azimuth  and 

-  0.05°  in  elevation. 
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Rg.  15  MBB  Test  Rig  for  Helmet  Mounted  Tracker  Evaluation 


-  A  wooden  table  which  can  be  adjusted  vertically  is  mounted  over  the  pilot's  seat. 

The  helmet  including  the  transmitter  respectively  receiver  is  mounted  to  the  test  rig. 

-  The  test  rig  is  fixed  with  screws  on  the  wooden  table.  The  test  rig  may  be  adjusted  in  height  as  well  as  in  tilt  to 
the  helicopter  frame. 


Fig.  16  Test  Rig  with  Helmet  and  HMS  In  a  BK  1 17  heUcjopter  (TST  -  aleptro  ecoutUc  system) 


3.2.3  Test  PrograiT) 

We  have  divided  the  test  program  Into  two  parts,  static  measurements  and  dynamic  measurements. 

3.2.3.1  Static  Measurements 

The  HMB  Is  defined  as  the  movement  area  of  the  pilots  head.  Inside  this  HMB  the  specified  accuracy  of  the  MMS-sys- 
tem  has  to  be  verified.  The  dimensions  of  the  HMB  vary  from  helicopter  to  helicopter,  for  an  example  Fig.  1 7  shows  a  HMB 
of  400mm  x  400mm  x  200mm  with  selected  measurement  points. 


Rg.  17  Testing  Positions  inside  the  Head  Motion  Box 


In  the  static  part  we  have  measured  the  atxruracy  of  the  HMS-system  In  the  centre  of  the  HMB  with  an  enhanced  set 
of  angles: 

elevation  angles  of  0°,  +20°,  -20°  in  combination  with  the  azimuth  angles: 

0°.  +/-5°,  +/-10°,  +/-15°,  +/-20°,  +/-25°,  +/-30°,  +/-45°,  +/-60°.  +/-75°.  +/-90°, 
and  roll  angle  0° 

and  the  elevation  angles  of  +10°, -10°  in  combination  with  the  azimuth  angles: 

0°,  +/-15°,  +/-30°,  +/-45°,  +/-60°,  +/-90° 

Test  procedure  In  the  centra  of  HMB: 

Boresighting  of  the  HMS-system. 

For  one  fixed  elevation  angle  the  complete  set  of  azimuth  angles  will  be  commanded  step  by  step  and  for  each 
point  the  HMS  angle  measurement  values  for  azimuth,  elevation  and  roll  will  be  noted. 

This  set  of  azimuth  angles  with  the  fixed  elevation  value  wlH  be  measured  for  several  (e.g.  1 0)  times.  Out  of  these 
values  we  calculate  the  maximum  of  the  absolute  error  and  the  reproducibility  (star,  'ard  deviation). 

The  above  mentioned  measurement  has  been  repeated  with  ali  elevation  angles. 

Measurements  of  different  roil  angles  are  carried  out  in  steps  ot  15°  with  azimuth  -  elevation  -  0°. 

In  the  all  other  points  of  the  HMB  (compare  Rg.  1 7)  a  reduced  set  of  measurement  was  carried  out  with 
elevation  angles  of  0°,  +/-  20°  In  combination  with  azimuth  arrgles  ;  0°,  +/- 15°.  +/-30°,  +/-  60°,  +/-  90°. 

3.2.3.2  Dynamic  Measurements 

Dynamic  measurements  are  necessary  to  ensure  that  the  delay  between  head  movement  and  the  electrical  output 
Is  In  an  acceptable  frame.  Long  delays  decrease  the  flight  safety  if  e.g.  a  steerable  FLIR  is  used  for  piloting. 

For  verifying  the  delay  the  test  rig  including  the  helmet  carries  out  periodic  movements  in  azimuth.  For  this  movement 
the  stepper  motors  of  the  test  rig  may  realize  a  maximum  vetccily  of  1 00°  per  second.  In  the  computer  protocol  the  output 
values  can  be  compared  with  the  stimuil  and  may  be  checked  for  achievement  of  the  maximum  values  and  the  maximum 
velocity  at  the  zero  point. 
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3.3  Tmi  EvaluMlon  of  an  Eloetro  Acoustic  HMS-Syctom  from  T8T  (Tolotunkcn  Systom  Tochnik) 

34.1  Static  maacurcmanta 

Calculation  of  moan  values,  standard  deviation  (n-1 )  and  the  abeoMe  errors  (command-  minus  teecM>ack  values) 
according  to  the  above  mentioned  test  plan.  As  result  we  get  the  absolute  errors  as  well  at  the  reprodudbillty  of  azimuth 
(fig.  16),  elevation  and  roll. 


Ai.:  mrvifiO  In  diyss 


Fig.  18  Absolute  error  of  azimuth  and  standard  deviation  as  a  function  of  the  azimuth  angle  (electro-acoustic  system). 

The  result  of  a  complete  measurement  are  about  100  of  these  diagrams.  For  an  overview  of  the  accuracy  a  data 
reduction  has  to  be  implemented! 


3.3.2  Data  fleductlon 


Calculations  of  the  mean  value  of  the  absolute  errors  and  the  mean  value  of  the  SO  for  all  angles  (separately  done 
for  azimuth,  elevation  and  roll),  v/hich  were  measured  during  one  scan  of  azimuth  with  constant  elevation  angle  are  shown 
in  fig.  19.  The  maximum  and  the  minimum  values  are  also  mentioned  to  see  the  bandwidth  of  the  error.  Additionally  the 
circular  error  probability  (99.9%  probability)  CEPg.tws  i£  calculated.  Thtr  approximation  formula  tor  CfcPo.999  is  (ref.  15.) 

CEPo.ws  ■  Oy(3.408  -  0.643p  ,  0.923o*) 

wHh  p  «  o*/Oy  and 

This  procedure  is  done  for  each  measurement  point. 
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Fig.  19  Mean  value  of  the  absolute  errors  and  the  mean  value  of  the  standard  deviations  for  all  azimuth  and  efsvatlon 
angle  valuss,  which  were  measured  during  one  scan  of  azimuth  with  constant  alavation  angle  (eledro  acoustic 
systom).  The  99.9%  circular  probability  is  calculated  in  the  third  column. 
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3.3.3  Dynamic  MMsuramaiita 

For  tha  dynamic  measuremants  we  have  connected  the  HMS  measurement  values  of  the  azimuth  angle  to  an  x-t  re¬ 
corder,  while  the  helmet  on  the  testrtg  canies  out  periodic  movementt.  In  tig.  23  achievement  of  maximal  angles  can  be 
checked.  Additional  the  HMS  output  for  the  maximal  velocity  of  the  movement  (calculated  according  the  slope  of  the  curve) 
can  be  compared  with  the  commanded  motor  velocity. 


Fig.  23  Tima  Plot  of  the  dynamic  measurements  (electro  acoustic  system),  max.  test  rig  velocity  is  lOOVs. 


3.3.4  Additional  Measurements 

Tho  following  additional  measurements  have  been  Included  in  our  measurements: 
o  controlling  the  longtime  stability  of  the  electronics  (2h) 

0  qualitative  distudMooe  measurements,  especially  for  the  tested  HMS,  e.g.: 

-  AO.DC-systems:  additional  metal  parts  between  transmitter  and  receiver 

-  DC-systems:  influence  of  the  magnetic  earthfield 

-  Electro  Acoustic  systp'  $.  switching  on  the  helicopter  ventilation,  themral  changes  In  the  cockpit,  as  e.g. 
direct  sunlight 

-  Optical  systems'  st  nsor  saturation  due  to  e.g.  direct  sun  illumination 
o  influence  ofrunr'ip  igines  and  rotors: 

-  electric  distuioances 

-  acottr'.tc  disturbances 

-  helicopter  vibrations 


4.  CONCLUSION 

The  helicopter  flight  trials  and  laboratory  tests  ara  carried  out  to  gather  experience  of  operation  with  state  of  the  art 
!H  equipment  before  deciding  on  tfie  final  configuration.  The  extensive  trials  showed  that  there  is  no  substitute  for  flight  trials, 
e  g.  laboratory  and  simulator  tests  only,  to  completely  understand  an  IH  for  day  and  night  flight  capability.  The  difficult  human 
enginoering  aspects  have  to  be  evaluated  with  functional  IH  models  to  find  the  necessary  improvements. 

The  work  of  this  paper  ic  partly  a  result  from  a  HMS  medsurement  campaign  on  UK  1 1 7,  vislonic  lab  tests  and  troop 
flight  trials  with  PAH  1 .  Thsje  programmes  were  launched  by  “Bundesamt  fOr  Wehrtechnlk  und  Beschaffung’  (BWB)  and 
“Bundes  Mlnisterium  fOr  Verteidigurrg'  (BMVg,  German  Ministry  of  Defence) 
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SUMMARY 

An  evaluation  was  conducted  to  determine  potential  compatibility  problems  found 
while  using  the  Protective  Integrated  Hood  Mask  (PIHM)  with  the  Aviator's  Night  Vision 
Imaging  System  (ANVIS).  The  evaluation  consisted  of  field  tests  performed  at  rope  APB 
using  qualified  C-130E  crewmembers,  and  laboratory  tests  conducted  at  Wr ight«P.« tterson 
AFB.  Examinations  of  horizontal  and  vertical  intensified  fields  of  view,  cockpit 
lighting  compatibility,  and  a  subjective  evaluation  of  fit  were  conducted  at  Pope  AFB. 
Visual  acuity  through  ANVIS/PIHM,  and  distortion  and  transmissivity  of  the  PIHM  visor 
were  determined  at  WPAFB.  Acuity  through  ANVIS  with  and  without  PIHM  was  assessed  under 
quarter  moon  and  starlight  illuminations.  Acuity  was  tested  using  201  and  90%  contrast 
Landolt  C  targets  depicted  in  one  of  four  orientations.  Overall  conclusions  were  tl^at 
potential  compatibility  problems  of  ANVIS  and  PIHM  integration  can  be  reduced  or 
eliminated  with  proper  fit  and  adjustment  of  the  ANVIS/PIHM. 


INTRODUCTION 

The  Aircrew  Eye  Respiratory  Protection  System  (AERPS)  is  designed  to  protect  USA? 
aircrew  members  in  a  potential  or  known  chemical  environment  without  imposing 
physiological  burdens  or  degrading  mission  capability.  The  Protective  Integrated  Hood 
Mask  (PIHM)  is  the  candidate  subsystem  of  AERPS  for  use  by  aircrew  members  of  tanker, 
transport,  and  bomber  aircraft.  As  shown  in  Figure  1,  the  PIHM  is  designed  to  be  worn 
under  a  standard  HGU-55/P  flight  helmet. 


Figure  1.  Field  test  subject  wearing  PIHM/ANVIS  combination. 

Prior  to  C-130E  flight  testing,  the  Life  Support  SPO  (HSD/YAG)  requested  AAMRL/HEF 
to  evaluate  potential  compatibility  constraints  that  may  result  from  wearing  the 
Aviator's  Night  Vision  Imaging  System  (ANVIS)  with  the  PIHM*  The  method  used  to 
integrate  PIHM  with  ANVIS  consists  of  a  special  helmet  mounted  bracket  that  allows  ANVIS 
to  be  positioned  just  in  front  of  the  PIHM  visor.  Integration  of  PIHM  with  ANVIS 
results  in  the  PIHM  visor  being  located  between  the  user's  eye  and  the  ANVIS  objective 
lens,  and  could  result  in  limitations  in  aircrew  visual  capabilities  during  NVG 
missions. 

AAMRL/HEF  conducted  laboratory  and  field  studies  at  Wr ight-Patterson  AFB,  Ohio 
(WPAFB) ,  and  Pope  AFB,  North  Carolina,  respectively.  The  field  study  used  qualified 
C-130E  pilots  to  evaluate  the  following  parameters:  PIHN/ANVIS  intensified  field  of 
view,  cockpit  lighting  compatibility,  and  photographic  and  subjective  evaluations  of 
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system  tit.  Visual  acuity,  distortion,  and  transmissivity  were  evaluated  at  WfAFB. 
Results  from  both  studies  are  presented  in  this  paper  along  with  conclusions  and 
recommendations  for  the  PIHM/ANVIS  integrated  system. 

METHODS 

Subjects 

Subjects  for  the  field  evaluation  were  five  rated  male  C-130E  crewmembers  (two 
pilots  and  three  navigators)  who  had  a  minimum  100  flight  hours  with  NVGs.  The 
participants  for  the  lab  evaluation  were  fourteen  subjects  who  ranged  in  age  from  21-45 
years  and  had  20/20  or  corrected  Snellen  acuity.  All  subjects  received  assistance  in 
proper  PIHM  and  helmet  fit  by  a  life  support  specialist. 

Apparatus 

The  field  evaluation  was  conducted  in  a  darkened  hangar  at  Pope  APB  after  dusk. 
Natural  lighting  conditions  approximated  quarter  moon  illumination.  Intensified  field 
of  view  measurements  were  obtained  for  each  subject  using  a  5  foot  square  visual  field. 

A  light  emitting  diode  (LED),  positioned  in  the  center  of  the  field,  was  used  as  a 
fixation  point.  A  second  LEO,  which  moved  along  a  vertical  and  horizontal  scale,  was 
used  to  measure  the  vertical  and  horizontal  intensified  fields  of  view.  The  cockpit 
lighting  interference  evaluation  was  performed  in  the  crewstation  of  a  C-130E  aircraft. 

A  pair  of  Mil-specification  ANVIS  third-generation  night  vision  goggles  (NVGs)  were 
mounted  with  velcro  strips  to  an  HG0-55/P  with  a  mounting  bracket  developed  by  the 
,U|iocial  Mission  Operational  Test  and  Evaluation  Center  (SMOTEC)  ,  located  at  Pope  APB. 

The  evaluation  at  WPAFB  was  performed  in  the  AAMRL  Night  Vision  Operations  (NVO) 
laboratory.  Visual  acuity  was  measured  with  Landolt  Cs  having  modulation  contrasts  of 
90%  and  20%  mounted  on  a  white  foam  core  background.  Each  acuity  chart  consisted  of 
three  to  five  Landolt  Cs  of  the  same  contrast  in  one  of  four  orientations:  up,  down, 
right,  or  left.  A  moonlight  simulator  developed  at  AAMRL  set  to  approximate  quarter 
moon  (.00294  ft-L)  and  starlight  (.000319  ft-L)  illumination  levels  was  used  to  provide 
calibrated  illumination  on  the  surface  of  the  chart.  Landolt  C  sizes  (in  Snellen 
notation)  ranged  from  20/32  to  20/, 1  for  quarter  moon  illumination,  and  from  20/80  to 
20/300  for  starlight  illumination.  The  same  mounting  bracket  used  for  the  field 
evaluation  was  also  used  in  the  laboratory  to  mount  the  ANVIS  to  the  HGU-55/P  helmet. 

PROCEDURE 

Field  of  View 

Horizontal  and  vertical  intensified  fields  of  view  were  measured  for  each  subject 
first  with  the  HGU-5S/P  helmet  and  ANVIS  (baseline);  and  then  with  the  PIHM/ANVIS 
combination.  Ttie  field  of  view  (FOV)  measurement  procedure  was  identical  for  both 
baseline  and  the  PIHM/ANVIS  combination.  Optimum  baseline  FOV  was  obtained  by  having 
the  subject  adjust  ANVIS  until  a  40°  FOV  was  obtaineil.  The  procedure  for  measuring  the 
FOV  was  as  follows.  The  subject  was  positioned  in  a  chin  rest  located  so  that  the  ANVIS 
objective  lenses  were  6  feet  from  the  LED  fixation  point.  After  initial  ANVIS 
adjustment,  the  subject  was  instructed  to  close  one  eye  and  fixate  on  the  center  LED. 

The  experimenter  then  moved  a  second  LED  inward  along  a  vertical  or  horizontal  scale 
beginning  at  a  22°  FOV.  The  subject  indicated  when  the  LED  was  just  visible  at  the  edge 
of  the  intensified  field.  This  procedure  was  repeated  twice  for  each  eye  in  both  the 
vertical  and  horizontal  dimensions.  The  average  of  the  two  left  and  right  side 
measurements  was  added  together  to  obtain  the  total  FOV  for  each  eye. 

Cockpit  Lighting  Interference 

Cockpit  lighting  interference  was  evaluated  for  two  different  viewing  modes:  1)  viewing 
through  the  PIHM/ANVIS  and  2)  viewing  through  the  PIHM  visor  but  underneath  ANVIS. 
Subjects  performed  the  cockpit  lighting  evaluation  seated  at  the  pilot's  station  of  a 
C-130E  cockpit.  The  subject  was  asked  to  set  the  cockpit  lighting  at  a  comfortable 
ANVIS  mission  level.  He  then  viewed  an  acuity  chart  positioned  at  eye  level  20  feet  from 
the  windscreen  and  indicated  any  reflections  that  were  present.  The  sources  causing  the 
reflections  were  documented.  Subjects  then  viewed  the  crewstation  through  the  PIHM,  but 
underneath  ANVIS,  and  noted  any  reflections.  If  no  interferences  were  noted,  the  test 
was  terminated. 

Fit 


Front  and  side  view  photographs  were  taken  of  each  subject  wearing  the  ANVIS  both 
with  and  without  PIHM.  The  photographs  were  used  to  document  any  specific  fit  problems 
with  PIHM/ANVIS.  A  questionnaire  was  also  administered  to  the  subject  which  addressed 
PIHM/ANVIS  fit  and  visibility. 

Visual  Acuity 

Visual  acuity  measurements  were  obtained  for  six  of  the  laboratory  subjects  while 
wearing  the  ANVIS  alone  (baseline)  followed  by  measurements  with  the  PIHM/ANVIS. 
Measurements  were  made  for  20%  and  90%  contrast  Landolt  Cs  at  both  quarter  moon  and 
starlight  illumination  levels.  Most  of  the  measurements  were  completed  with  the  ANVIS 
objective  lens  located  at  a  distance  of  30  feet  from  the  acuity  chart.  The  ANVIS 
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objective  lens  was  required  to  be  placed  at  a  distance  of  12  feet  from  the  acuity  chart 
for  the  low  contrast  letters  when  they  were  viewed  under  starlight  luminance  levels. 

The  subject's  task  was  to  lead  from  left  to  right  the  orientation  of  the  Landolt  Cs. 

Each  subject  viewed  23  charts  of  different  letter  sizes  for  both  the  baseline  and 
PIHM/ANVIS  conditions.  Acuity  chart  presentation  order  was  randomized  for  each 
condition.  Visual  acuity  was  the  letter  size  at  which  at  least  75%  correct  orientation 
responses  were  made. 

Distortion 

The  angular  deviation  of  three  PIHM  visors  was  measured  using  a  UDT  light  source 
and  a  two-dimensional  array.  For  each  eye  position^  measurements  were  recorded  from 
-15°  to  +15°  in  5°  increments  for  both  azimuth  and  elevation.  The  data  from  the  two  eye 
positions  were  compared  to  obtain  vertical  and  horizontal  differences  in  angular 
deviation  between  the  two  eyes.  Distortion  was  further  assessed  by  taking  photographs 
through  each  visor  of  a  large  grid  board  positioned  ten  feet:  in  front  of  the  camera. 
These  photographs  were  visually  examined  for  distortion. 

Transmissivity 

The  spectral  transmission  of  three  PIHM  visors  was  measured  for  wavelengths  of  380- 
760  nm  using  a  Photo  Research  1980B  spectral  scanning  radiometer.  The  photopic 
transmissivities  of  several  objects  (both  natural  and  man-made)  that  would  be  found 
external  to  the  crewstation  were  calculated.  The  results  of  those  calculations  were 
compared  to  a  standard  Air  Force  clear  visor  (which  is  a  neutral  material)  to  determine 
if  visibility  through  the  PIHM  visor  was  significantly  different. 

RESULTS 

Field  of  View 

Horizontal  and  vertical  intensified  fields  of  view  were  measured  for  PIHM/ANVlS 
monocular  and  binocular  viewing.  Mean  and  standard  deviations  for  these  measurements 
are  presented  in  Table  1. 

Table  1.  Mean  and  standard  deviation  tor  horizontal  and  vertical  intensified  fields  of 
view  for  monocular  and  binocular  viewing  measured  at  AAMRL  (in  degrees  of  visual  angle). 


HORIZONTAL 

VERTICAL 

MONOC. 

RT. 

MONOC. 

Lt, 

BINOC. 

MONOC. 

Rt. 

MONOC. 

Lt. 

BINOC. 

MEAN 

36  ° 

36  ” 

38  « 

37  ” 

36® 

37° 

STD 

2 

3 

2 

3 

2 

2 

The  addition  ot  the  PIIIM  resulted  in  a  10%  horizontal  FOV  loss  for  each  individual 
eye  (compared  to  the  ANVIS  baseline  40  degree  FOV),  and  a  5%  loss  for  the  binocular 
view.  Changes  in  vertical  FOV  from  a  40  degree  baseline  level  ranged  from  7%  to  10%. 
Those  FOV  reductions  should  not  present  any  significant  problems.  Field  of  view  data 
collected  at  Pope  AFB  with  C-130E  crewmembers  wearing  PIHM/ANVIS  resulted  in  average 
horizontal  and  vertical  fields  of  view  of  36.2  degrees  and  36.0  degrees,  respectively, 
which  is  comparable  to  the  laboratory  data. 

Cockpit  Lighting  interference 

There  were  no  cockpit  lighting  interference  problems  reported  when  viewing  through 
the  PIHM/ANVIS  or  through  the  PIHM  under  the  ANVIS.  One  subject  found  lighting 
interference  upon  entering  the  crewstation  when  the  lights  were  at  a  high  setting,  but 
these  reflections  were  eliminated  when  set  to  normal  night  mission  levels. 

Fit 


The  photographs  taken  of  each  C-130E  crewmember  while  wearing  the  ANVIS  both  with 
and  without  the  PIHM  showed  that  the  ANVIS  oculars  were  in  proper  alignment  for  all  of 
the  subjects.  No  problems  were  found  with  the  mounting  bracke*  while  wearing  the  PIHM, 
To  ensure  optimal  field  of  view,  the  oculars  were  positioned  as  close  to  the  visor  as 
possible  (approximately  10-20  r. m)  ,  but  they  did  not  come  in  contact  with  the  visor.  The 
questionnaire  results  showed  that  two  subjects  reported  better  visibility  through  the 
PIHM/ANVIS  because  the  "graininess  in  the  NVGs  w-as  less.”  The  remaining  three  subjects 
reported  that  their  visibility  was  the  same  for  each  viewing  mode.  Two  subjects 
reported  restricted  side-to-side  head  mobility  while  wearing  the  system.  All  subjects 
reported  the  intensified  FOV  with  PIHM/ANVIS  appeared  to  be  unchanged  from  viewing  with 
ANVIS  without  the  PIHM. 

Visual  Acuity 

The  mean  visual  acuity  measured  at  the  quarter  moon  and  starlight  illumination 
levels  for  the  20%  and  90%  contrast  Landolt  Cs  for  ANVIS  and  PIHM/ANVIS  viewing  is 
displayed  in  Table  2. 


Table  2.  Mean  Snellen  visual  acuity  for  ANVIS  and  PIHM/ANVIS  viewing  under  quarter  n>oon 
and  starlight  illumination  for  20%  and  90%  contrast  Landolt  Cs. 


QUARTER  MOON 

STARLIGHT 

CONTRAST 

20% 

90% 

20% 

90% 

ANVIS 

20/60 

20/38 

20/228 

20/96 

PIHM/ANVIS 

20/63 

20/40 

20/229 

20/94 

There  were  only  slight  differences  in  visual  acuity  between  baseline  ANVTS  and 
PIHM/ANVIS  ''iewing.  These  diffc^rences  were  not  statistically  significant  (p  >  .05)  for 
either  illumination  level* 

Distortion 

Differences  in  angular  deviation  (in  milliradians)  between  the  right  and  left  eye 
positions  were  calculated  to  determine  binocular  convergence,  divergence,  and  dipver- 
gence  (vertical)  as  a  function  of  azimuth  angle  for  each  visor*  The  angular  deviation 
between  the  two  eye  positions  was  within  acceptable  limits  for  eye  convergence, 
divergence,  and  dipvergence* 

Transmissivity 

The  photopic  transmissivities  (%)  of  yarious  exterior  scene  objects  as  seen  through 
the  PIHM  visors  and  clear  visor  are  listed  in  Table  3,  The  transmission  of  the  PIHM 
visors  varied  from  Sd-SOI,  while  the  transmission  of  the  standard  clear  visor  was  96%. 
The  difference  in  transmission  between  the  clear  visor  and  PIHM  visors  can  be  considered 
negligible . 

Table  3.  Photopic  Transmission  (%)  of  various  exterior  scenes  through  PIHM  and  standard 
clear  visor. 


VISOR 

OBJECT 

SMALL  PIHM 

MED  PIHM 

LARGE  PIHM 

CLEAR 

IWf  on  Hill 

90.1% 

90.2% 

88.2% 

96.9  % 

Graas  on  Hill 

go.i 

90.3 

88.3 

96.9 

pavement 

90.1 

90.3 

86.i 

95.9 

Blue  tky 

90.1 

90.2 

88.3 

95.9 

Horixon  hare 

90.1 

90.2 

88.3 

95.9 

Gravel  on  rooftop 

90.1 

90.3 

88.3 

95.9 

Ctits  field 

90.1 

90.2 

88.3 

95.9 

Cream  building 

90.1 

90.3 

88.3 

96.9 

Red  brick  building 

90.2 

90.3 

88.3 

96.9 

Dark  brown  roof 

90.2 

90.3 

8S.3 

96.9 

CONCLUSIONS 


This  evaluation  was  designed  to  examine  the  compatibility  of  ANVIS  night  vision 
goggles  with  the  PIHM  system.  Both  field  and  laboratory  evaluations  indicated  that  the 
i.Mtegration  of  ANVIS  w'th  the  PIHM  did  not  result  in  any  significant  compatibility 
problems.  However,  both  evaluationn  demonstrated  the  importance  of  following  proper 
PIHM  donning  procedures  and  careful  adjustment  of  the  ANVIS  to  ensure  optimal 
performance.  It  is  recommended  that  proper  training  procedures  be  developed  and  adopted 
for  using  PIH'1  in  combination  with  ANVIS. 
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The  RAF  Institute  of  Aviation  Medicine 
Proposed  Helmet  Fitting/Ketention  System 

John  V  Barson  and  Roger  J  Croft 
Royal  Air  Force  Institute  of  Aviation  Medicine 
Pamborough  Hampshire  GU14  6SZ 
United  Kingdom 

SUMMARY 

The  role  of  the  protective  flying  helmet  has  rapidly  expanded  from  being  a  device  for  protecting  the 
flyer  from  impact  and  noise  hazards  to  include  mounting  platforms  for  vision  enhancement  devices  as 
well  as  target  sighting  and  designation  systems  that  requires  a  greater  degree  of  helmet  stability  and 
may  result  in  greater  physical  exertion  by  the  wearer.  Many  of  the  personnel  now  involved  in  the 
operation  of  these  various  systems  are  not  pilots  and  may  only  fly  in  the  aircraft  for  specific  missions. 
Additionally,  the  requirement  to  wear  chemical  defence  respirators  make  the  fitting  and  refitting  of 
these  helmets  time  and  manpower  consuming. 

This  paper  describes  a  new  helmet  fitting/retention  system  developed  at  the  RAF  Institute  of 
Aviation  Medicine  that  has  the  potential  to  provid  a  quick  and  effective  method  of  rendering  a  good, 
safe,  and  stable  helmet  fit  using  a  minimum  numb  r  of  helmet  sizes.  The  fitting/retention  system  also 
provides  a  relatively  consistent  eye  position  for  optical  systems  and  allows  rapid  donning  of  a  chemical 
defence  respirator.  Additionally,  the  fitting/retention  system  can  be  used  for  a  onc-size-fits-all  helmet 
while  retaining  all  the  above  mentioned  features  for  personnel  who  are  only  flying  on  specific  missions 
and  normally  are  not  issued  a  flight  helmet. 

The  fitting/retention  system  uses  a  simple  series  of  straps  and  an  occipital  pusher  plate  to 
accommodate  head  length.  By  suspending  the  occipital  pusher  plate  from  the  upper  aspect  of  the  rear 
of  the  helmet,  anterior  rotation  both  in  flight  and  during  a  crash  is  prevented.  ITie  height  adjustment 
is  provided  by  a  specifically  shaped  and  contoured  pad  in  the  top  of  the  helmet  which  contacts  the  head 
in  such  a  way  and  over  a  sufliciently  large  area  to  correctly  position  the  helmet  vertically  on  the  head 
for  a  wide  range  of  pupil-vertex  heights. 


INTRODUCTION 

Since  U.?  introduction  of  protective  flying  helmets  early  this  century,  there  has  been  an  ongoing 
development  j.'  various  systems  for  their  fitting  and  retention.  These  systems  use  a  variety  of  fitting 
mechanisms  including  many  arrangements  of  straps  and/or  pads  and  "high  tech"  materials  such  as 
expanded  foam  and  thermal  plastic  formed  liners.  Additionally,  there  have  been  many  sizing  schemes 
used  to  determine  the  number  and  range  of  helmet  sizes  required  to  fit  the  designated  population. 
These  systems  provide  a  varying  degree  of  fit  from  very  good  to  very  poor.  The  fitting  technique  also 
often  requires  significant  amounts  of  manpower  and  time  for  adjustment  and  maintenance. 

The  expansion  of  the  protective  helmet’s  role  from  impact  and  noise  protection  to  include  moimting 
platforms  for  vision  enhancement  devices  as  well  as  target  sighting  and  designation  systems  requires 
a  greater  degree  of  helmet  stability  than  current  helm  st  fitting/retention  systems  may  be  capable  of 
providing.  The  problems  of  increased  weight  and  •  '..aiiges  in  the  helmet’s  centre  of  gravity  that  often 
accompany  the  use  of  these  systems  must  be  considered  since  they  may  require  greater  physical  exertion 
by  the  wearer  causing  early  fatigue  and  perhaps  decrease  the  length  of  a  mission. 

DESIRABl.E  FfTTlNG/RETENTION  CHARACTERISTICS  IN  FLYING  HELMETS 

The  complexity  of  both  current  and  future  sighting  and  designation  systems,  as  well  as  other  vision 
augmenting  and  data  displays  generates  the  requirement  that  a  helmet’s  fitting  and  retention  system 
provide  a  quick  and  effective  method  of  rendering  a  good,  safe,  and  stable  helmet  fit  in  a  minimum 
number  of  helmet  sizes.  The  fitting/retention  system  must  also  locate  the  helmet  mounted  systems  at 
the  optimum  eye  position  and  allow  the  rapid  donning  cf  a  chemical  defence  respirator  without  needing 
to  be  adjusted.  Additionally,  the  fitting/retention  systen'  must  be  adjustable  by  the  wearer  and  easily 
refitted  by  the  wearer  <n  the  field  where  maintenance  pe'sonnel  may  be  scarce. 

DESCRIPTION  .OF  THE  RAF  lAM  FITTING/RETENTION  SYSTEM 

The  fitting/retention  system  (Figure  1)  consists  of  a  simple  series  of  two  horizontal  straps  (al  and 
a2)  and  a  "ontnured  occipital  pusher  plate  (bl)  to  accommodate  head  length.  The  lower  of  the  two 
horizontal  straps  (,;!),  is  continuous  with  the  chinstrap.  The  upper  horizontal  strap  (a2)  is  adjusted 
by  pulling  the  ends  of  the  straps,  which  in  this  version  of  the  helmet  are  located  as  straps  on  the 
outside  of  the  helmet.  The  occipital  pusher  plate  is  suspended  by  two  straps  (cl  and  c2)  from  the  upper 
aspect  of  the  rear  of  the  helmet.  The  brow  pad  (dl)  is  constructed  from  open  cell  foam  with  a  leather 
cover.  The  height  adjustment  is  provided  by  a  specifically  shaped  and  contoured  crown  pad  (el)  in  the 
top  of  the  helmet  that  contacts  the  head  in  such  a  way  and  over  a  sufficiently  large  area  so  as  to 
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correctly  position  the  helmet  vertically  on  the  head  over  a  wide  range  of  pupil-vertex  heights. 
OPERATION  OF  THE  FITTING/RETENTION  SYSTEM 

The  helmet  is  donned  by  placing  the  forehead  into  the  helmet  against  the  forehead  pad  and  rotating 
the  helmet  down  over  the  head.  The  chinstrap  is  fastened  and  two  fingers  are  hooked  over  the 
chinstrap  and  pulled  downward.  This  action  pulls  the  lower  horizontal  strap  bringing  the  lower  aspect 
of  the  occipital  pusher  forward  against  thi  back  of  the  head  compressing  the  brow  pad  with  the 
forehead.  The  chinstrap  is  then  tightened  ■  it  contacts  the  skin.  The  upper  horizontal  strap  is 
tightened  by  pulling  the  two  oxtemal  straps  m  the  sides  of  the  helmil.  The  upper  horizontel  strap 
pulls  the  upper  aspect  of  the  occipital  pusher  late  forward  against  the  back  of  the  head.  Additionally, 
the  upper  horizontal  strap  runs  around  the  <  .1  Me  of  the  ear  capsule  and  when  tightened,  pulls  the 
ear  capsule  against  the  side  of  the  head.  The  ear  capsules  are  attached  to  a  free  sliding  cross  strap 
system  that  allows  them  to  move  in  three  dimensions  while  automatically  locating  over  the  ears.  This 
completes  the  donning  procedure.  The  helmet  is  removed  by  unfastening  the  chinstrap  and  rotating 
the  helmet  forward  off  the  head. 

FITTING/RETENTION  SYSTEM  MECHANISMS 

A  primaiy  aim  of  most  helmet  fitting/retention  systems  is  to  centre  the  head  in  the  helmet.  This 
is  achieved  by  adjusting  the  front,  rear,  and  sides  of  the  helmet  in  or  out  from  the  head.  The  height 
is  adjusted  by  raising  or  lowering  the  helmet  on  the  head.  These  ac^justments  are  usually  made  bv 
various  combinations  of  straps,  pads,  or  other  filling  materials.  The  weakness  of  centering  the  helmet 
on  the  head  is  that  variations  in  head  length  and  the  recess  of  the  eyes  in  the  head  can  result  in  very 
large  differences  in  the  distance  from  the  eye  to  the  exit  pupil  plane  of  a  helmet  mounted  sighting  or 
display  system.  This  problem  of  variation  in  eye  recess  is  further  complicated  by  the  centering  type 
fitting  system's  adjustment  mechanisms  effectively  positioning  the  head  either  forward  or  rearward  as 
part  of  the  fitting  process.  A  result  of  this  wide  range  of  eye  depths  is  that  field-of-view  may  be 
compromised.  Amelioration  of  this  problem  usually  requires  multiple  helmet  sizes  to  fit  the  user 
population.  The  number  of  sizes  of  helmet  may  be  fairly  large  in  order  to  achieve  a  good  and  stable 
fit  in  the  user  population.  As  the  number  of  sizes  increases,  the  sighting  or  display  system  may  require 
modification  to  conform  to  the  external  geometry  of  the  helmet.  Both  the  increased  number  of  helmet 
sizes  and  changes  to  the  sighting  or  display  system  necessitated  by  the  helmet  geometry  can  severely 
tax  logistics  systems  required  to  supply  replacement  helmets  and  repair  parts,  and  may  also  result  in 
increased  unit  cost. 

The  RAF  lAM  fitting/retention  system  uses  the  contact  point  between  the  forehead  and  the  brow 
pad  as  a  fixed  reference  position  around  which  the  rest  of  the  helmet  is  located.  The  occipital  pusher 
plate  presses  the  forehead  into  the  brow  pad  of  the  helmet.  By  fixing  the  forehead  against  the  brow 
pad,  it  is  possible  to  eliminate  the  eye  position  variable  created  by  the  forehead  standoff  in  a  centering 
type  helmet  fitting  system  leaving  the  depth  of  the  eye  'n  the  head  as  the  only  variable  to  be 
considered  in  any  optical  system’s  adjustment  mechanism.  Therefore,  the  optical  system’s  adjustment 
mechanism  can  have  smaller  distances  to  travel  to  accommodate  various  individuals. 

The  head  length  adjustment  is  achieved  by  the  occipital  pusher  plate  suspended  internally  by  two 
vertical  straps  from  the  upper  aspect  of  the  rear  of  the  helmet.  The  plate  is  brought  forward  by  the 
tightening  of  two  horizontal  straps.  This  forward  movement  of  the  plate  compresses  the  brow  pad  foam 
reducing  the  potential  for  dynamic  overshoot  from  the  open  cell  foam.  By  suspending  the  plate  from 
two  vertical  straps  and  having  the  chinstrap  connected  to  the  lower  horizontal  strap,  anterior  rotation 
is  prevented  both  in  flight  and  during  a  crash.  The  action  which  prevents  the  rotation  is  a  result  of 
the  upward  and  forward  rotation  of  the  helmet  during  a  crash  causing  the  chinstrap  to  tighten  on  the 
chin.  Because  the  chinstrap  runs  around  the  occipital  pusher  plate,  the  tightening  of  the  chinstrap 
pulls  the  plate  more  firmly  to  the  back  of  the  head.  With  the  occipital  pusher  plate  pulled  firmly  onto 
the  back  of  the  head,  the  two  vertical  straps  orevent  the  helmet  from  rotating  forward. 

The  height  adjustment  of  the  helmet  on  the  head  is  achieved  automatically  by  a  rectangular  shaped 
composite  crown  pad  constructed  of  expanded  polyethylene  and  open  cell  foam.  The  expanded 
polyethylene  pad  is  of  a  constant  thickness  over  the  entire  length  and  width  of  the  pad  and  is  ^lored 
to  the  size  and  shape  of  the  helmet  shell.  The  open  cell  foam  is  layered  on  the  expanded  polyethylene 
and  is  nearest  the  head.  The  open  cell  foam  is  a  maximum  of  6  mm  thick  to  prevent  dynamic 
overshoot.  The  entire  head  facing  surface  of  the  composite  pad  is  cohered  with  a  brushed  nylon  cloth. 
The  cor-'-posite  pad  runs  over  the  interior  surface  of  the  helmet  impact  liner  from  just  above  the  brow 
pad  in  the  front  of  the  helmet  to  a  point  in  the  rear  of  the  helmet  that  corresponds  in  height  to  the 
top  of  the  fare  aperture  opening.  The  width  of  the  pad  in  a  large  helmet  shell  is  limited  to  140  mm 
so  that  it  does  not  reduce  the  head  breadth  fitting  capacity  of  the  helmet.  The  pad  width  may  be  less 
in  smaller  helmet  shells. 

The  mechanism  for  the  automatic  height  adjustment  that  allows  a  wide  range  of  pupil-vertex 
dimens'ors  to  be  accommodated  has  not  been  completely  defined.  It  appears  to  be  the  result  of  a 
combination  of  the  head  being  pushed  to  the  front  of  the  helmet  by  the  occipital  pusher  plate  and  the 
contour,  shape,  and  composition  of  the  crown  pad.  The  forehead  is  fixed  on  the  brow  pad.  The  crown 
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pad  then  comes  into  contact  with  the  upper  part  of  the  forehead.  This  crown  pad  contact  extends 
superiorly  over  the  sagittal  suture  region  of  the  head.  The  open  cell  foam  compresses  providing  a  slight 
cushion  effect  over  any  protuberances  of  the  skull  and  fills  in  any  resulting  gaps.  The  expanded 
polyethylene  has  enough  elasticity  to  conform  slightly  to  the  longitudinal  and  coronal  curvatures  of  the 
head  while  retaining  its  impact  protective  properties.  The  surface  area  contact  of  the  crown  pad  on 
individuals  with  different  head  sizes  varies  to  some  degree.  However,  it  is  believed  that  the  crown  pad, 
due  to  its  contour,  shape,  and  composition,  provides  a  self  positioning  minimum  area  of  contact 
exceeding  the  476  square  cm  of  contact  area  in  the  Mark  10  RAF  Aircrew  Helmet.  This  feature  of 
conforming  to  the  contours  of  the  skull  provides  automatic  height  adjustment. 

FITTING  CAPABILITIES  OF  THE  RAF  1AM  FITTING/RETENTION  SYSTEM 

The  prototype  RAF  lAM  fitting/retention  system  was  installed  in  a  Mark  4B  aircrew  helmet. 
Internal  measurements  were  made  of  this  helmet  to  assess  the  theoretical  maximum  and  minimum  head 
length  and  breadth  dimensions  that  might  be  accommodated.  A  comparison  of  the  theoretical  head 
dimensions  accommodated  by  the  RAF  lAM  fitting/retention  system  in  the  large  size  Mark  4B  aircrew 
helmet  and  the  helmet  manufacturer’s  recommended  head  dimensions  for  accommodation  in  the  standard 
5  sizes  of  Mark  4B  aircrew  helmets  is  shown  in  Table  1. 

Table  1 

Comparison  of  the  Theoretical  Head  Dimensions  Accommodated  bv  the  RAF  1AM 
Fitting/Retention  System  in  a  Large  Mark  4B  and  the  Helmet  Manufacturer’s  Recommended 
Head  Dimensions  for  Accommodation  in  the  Standard  6  Sizes  of  Mark  4B  Aircrew  Helmets' 

Helmet  Type  and  Size  Head  Breadth  (mm)  Head  Length  (mm) 


RAF  lAM  Large  Mark  4B 

120 

to 

175 

188 

to 

222 

Standard  Mark  4B 

Small 

142 

to 

159 

180 

to 

199 

Medium 

147 

to 

164 

186 

to 

205 

Medium^road 

159 

to 

175 

186 

to 

205 

Medium/Long 

147 

to 

164 

199 

to 

218 

Large 

159 

to 

175 

199 

to 

218 

'The  helmet  sizing  scheme  used  for  determining  the  nu  .nber  of  helmet  sizes  for  the  Mark  4B  aircrew 
helmet  is  based  upen  data  from  the  Anthropometric  Survey  of  2000  Royal  Air  Force  Aircrew,  1970/1971 
(Ref  1).  By  using  C  sizes  of  helmets,  the  standard  Mark  4B  aircrew  helmet  accommodates  the  1st 
through  the  99th  percentile  head  breadth  and  length  dimensions  from  that  survey.  By  comparison,  the 
RAF  lAM  fitting/retention  system  installed  in  a  large  Mark  4B  aircrew  helmet  using  the  fit  and 
stability  assessment  method  describe  below,  has  the  potential  to  fit  a  range  of  head  dimensions  smaller 
than  the  Ist  percentile  up  to  the  99th  percentile  in  head  breadth  and  from  the  5th  to  greater  than  the 
99th  percentile  in  head  length  using  only  one  size  of  helmet. 

A  limited  fitting  evaluation  was  performed  to  assess  the  automatic  height  adjustment  capability  of 
the  RAF  lAM  fitting/retention  system.  A  total  of  four  subjects  were  used  representing  the  3rd  through 
the  99th  percentile  for  pupil-vertex  height  as  found  in  the  2000  aircrew  survey.  The  results  of  the 
evaluation  are  shown  in  Table  2. 


Table  2 

Limited  Evaluation  of  the  RAF  lAM  Fitting/Retention  System’s  Automatic 
Height  Adjustment  for  4  Subjects  Demonstrating  the  System’s  Ability  to 
Maintein  a  Near  Constant  Pupil  to  Top  of  Helmet  Face  Aperture  Distance 

Subject  No  Pupil-Vertex  Height  Pupil-Top  Face  Aperture  Distance  (mm) 


1 

97  mm  (3rd  percentile) 

58 

2 

106  mm  (26th  percentile) 

51 

3 

112  mm  (60th  percentile) 

50 

4 

132  mm  (99th  percentile) 

5b 

f- 


The  difference  in  the  pupil  to  the  top  of  the  helmet  face  aperture  distance  is  tight  millimetres  for 
subjects  with  pupil-vertex  heights  that  range  from  97  mm  (3rd  percentile)  to  132  mm  09th  percentile). 
While  many  helmet  fitting  systems  can  achieve  a  relatively  consistent  eye  position  by  the  manipulation 
of  their  fitting  systems,  ^e  RAF  lAM  flttin^retention  system  required  no  additional  personnel,  tools, 
or  procedures  other  than  the  normal  donning  procedure.  All  subjects  were  able  to  completely  don  and 
fully  adjust  the  helmet  in  less  than  30  seconds. 

STABILITY  AND  ASSESSMENT  OF  HELMET  FIT 

Since  the  development  of  the  prototype,  over  fifty  individuals  in  addition  to  those  in  the  limited 
evaluation  have  worn  the  helmet.  Each  person  who  wore  the  helmet  was  examined  to  determine  if  the 
helmet  provided  the  same  level  of  fit  and  stability  as  the  standard  Mark  4B  aircrew  helmet.  The 
procedure  for  this  evaluation  is  described  in  the  Ministry  of  Defence  Air  Publication  (AP)  108F-0214- 
12  Chapter  1.1.  The  evaluation  consisted  of  checking  for  movement  and  displacement  of  the  helmet  on 
the  wearer’s  head  when  external  hand  pressures  were  applied.  To  check  for  head  length  fit,  pressure 
was  applied  to  the  rear  of  the  helmet  and  the  forehead-brow  pad  region  was  observed  for  a  gap 
appearing  indicating  movement.  The  ear  capsule  seal  was  evaluated  by  applying  pressure  to  first  one 
side,  then  the  other  side  of  the  helmet  and  while  watching  for  the  ear  seal  lifting  off  from  the  side  of 
the  head.  Anterior-posterior  rotation  was  checked  by  placing  a  hand  on  each  side  of  the  helmet  and 
attempting  to  rotate  the  helmet  forward.  Some  scalp  movement  is  encountered  with  this  procedure, 
however,  the  helmet  should  not  slide  over  the  scalp.  Using  this  technique  for  evaluation  of  fit  indicated 
that  a  few  individuals  with  small  head  lengths  had  some  slight  gaping  in  the  brow  pad  region. 
However,  the  vast  majority  achieved  a  good  and  stable  fit.  All  individuals  achieved  good  ear  seal  as 
defined  by  the  Air  Publication. 

It  was  expected  that  some  individuals  with  short  head  lengths  might  have  some  fitting  difficulty 
because  of  the  length  of  this  dimension.  The  RAF  lAM  fitting/retcntion  system  when  fitted  into  a  large 
Mark  4B  helmet  normally  accommodates  at  minimum  a  head  length  of  188  mm.  The  small  number 
of  individuals  who  had  some  forehead-brow  pad  gaping  were  usually  found  to  have  head  lengths 
significantly  less  than  188  mm.  This  observation  will  be  more  closely  examined  during  a  future 
evaluation  when  the  RAF  lAM  fitting/retention  system  is  installed  in  a  medium  size  Mark  4B  helmet. 

The  helmet  was  also  evaluated  on  the  deceleration  track.  The  helmet  was  adjusted  to  the  head 
a  Hybrid  III  dummy  which  was  seated  upright  and  subjected  to  14  +Gx  acceleration.  The  helmet  was 
filmed  during  the  acceleration  using  high  speed  video.  The  helmet  did  not  appear  to  move  or  lift  from 
the  dummy’s  head  during  the  test.  With  night  vision  goggles  fitted,  the  degree  of  helmet  rotation  at 
10  +Gx  acceleration  was  less  than  that  observed  with  a  small  size  Mark  4A  helmet  on  the  same 
headform  configuration. 

CURRENT  STA'TUS 

The  RAP  lAM  Helmrt  Fitting/Retention  System  has  currently  been  installed  in  the  large  size  Mark 
4A,  Mark  4B,  and  Mark  JOA  Aircrew  Helmets.  A  variant  of  the  sy,«tem  is  currently  in  a  field  trial  of 
the  Type  15  Army  Helicopter  Passenger  Helmet.  The  Type  16  helmet  was  used  by  both  passengers  and 
aircrew  in  the  Persian  Gulf  War  for  Operation  Granby.  A  Ministry  of  Defence  Patent  Application  has 
been  submitted  for  this  system  (Ref  2). 

Future  work  on  the  RAF  lAM  Helmet  Fitting  Retention  System  will  extend  the  assessment  of  the 
system  in  other  helmet  types  including  those  helmets  used  by  other  NATO  Forces. 

CONCI USIONS 

The  RAF  lAM  Helmet  FittingIRotention  System  has  the  potential  to  provide  a  quick  and  effective 
method  of  producing  a  good,  safe,  and  stable  helmet  fit  in  a  minimum  number  of  helmet  sizes  over  a 
wide  range  of  head  dimensions.  The  fitting/retention  system  automatically  provides  a  relatively 
consistent  eye  position  for  helmet  mounted  visual  display  and  sighting  systems  for  a  wide  range  of 
pupil-vertex  heights.  It  allows  for  the  rapid  donning  of  a  chemical  defence  respirator  and  is  adjustable 
by  the  user  in  the  field  without  the  use  of  tools.  Preliminary  observations  indicate  that  the  retention 
capability  of  the  helmet  is  excellent.  Additionally,  the  fittin^retention  system  can  be  used  for  a  "one- 
size-fits-all"  helmet  for  personnel  who  are  only  flying  on  specific  missions  and  normally  are  not  issued 
a  ght  helmet. 
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RESUME  :  Les  simulateurs  a  base  fixe  ne  peuvent  restituer  I'cffet  des  contralntes 
bioraecaniques  resultant  des  accelerations,  ce  qui  pout  poser  probldme  pour 
1 ' interpretation  des  etudes  dc  viseur  de  casque.  Une  etude  en  centrifugeuse  sur  la 
r6ponse  biomecanique  dc  la  tete  lors  d'une  tache  de  visee  a  ete  conduite  pour 
differentes  pentes  de  variation  d' acceleration  (0.3,  0.6  et  1  G.s-1).  L' acceleration 
tcrminale  en  plateau  etait  dans  tous  les  cas  de  +  5  Gz.  Les  resultats  obtenus  montrent 
que  la  stabilite  de  visde  (Ecart  Quadratique  Moyen)  sur  une  cible  collimatec  a  1' inf ini 
varie  de  0.8“  A  0.3  G.s  ’  jusqu'a  plus  de  2“  a  1  G.s  Les  caracteristiques  de  la 
reponse  biomecanique  de  la  tete  ont  ete  analysees.  Des  recormandationc  pratiques  pour  la 
modeiisation  de  I'effet  de  la  contrainte  biomecanique  lors  des  etudes  en  simulateur  de 
combat  sent  avancecs . 


1.  INTRODUCTION 

L' evolution  de  I'aimement  et  des  systemes  conduit  actuellement  a  prevoir 
1' utilisation  du  viseur  de  casque  comme  I'un  des  moyens  de  dialogue  du  pilote  avec  le 
systeme  d'armes  des  avions  de  combat  modetnes.  La  validation  de  ce  concept  a  tres 
largement  beneficie  des  etudes  amont  roalisecs  en  simulateur  de  combat  (1)  qui  constitue 
maintenant  une  etape  fondaraentale  pour  1' optimisation  de  1’ interface  Homme/Systeme .  Les 
simulateurs  de  combat  A  base  fixe  ne  peuvent  cependant  restituer  physiquement  les 
contraintes  d'environnement  du  combat  aerien,  en  particulier  les  accelerations.  L'effct 
biomecanique  de  celles-ci  sur  le  systeme  tete-cou  constitue  pourtant  une  contr-intc 
dimensionnante  pour  le  pilote  en  affectant  la  stabilite  de  la  visee  lors  des  manoeuvres 
de  combat. 

Les  rdsultats  obtenus  en  simulation  doivent  done  faire  I'objot  d'uiic  analyse 
critique  sur  ce  point  et,  on  pratique,  les  cssais  en  vol  peuvent  seuls  amener  une 
rdponse  definitive  prenant  en  compte  I'effet  des  accelerations.  Le  recours  a  des  essais 
couteux  et  souvent  difficiles  A  mettre  en  oeuvre  est  tout  a  fait  essentiel  dans  le  cadre 
de  la  validation  terrainale  d'un  concept,  lorsque  les  bases  d’ etudes  amont  sont  bien 
etablies.  Pour  ce  qui  ooncerne  les  aspects  physiolugiques,  I’experience  montre  qu'il  est 
habituellement  difficile  d'exploiter  et  d'analyser  finement  les  rAsultats  obtenus  lors 
d'essais  en  vol  si  I'on  souhaite  comprendre  les  mecanismes  qui  affectent  la  performance 
du  pilote.  Ainsi,  si  les  performances  obtenues  lors  de  tcls  ossais  ne  sont  pas  d'emblee 
celles  requises  pour  la  mise  en  oeuvre  correcte  du  systAme,  11  est  parfols  difficile  de 
faire  la  part  de  ce  qui  revient  A  I'homme  ou  au  systeme  lui  mdme.  Dans  ces  conditions, 
il  est  peu  aise,  eventuelleraent  coOteux  et  parfois  Impossible  d'entreprendre  des  actions 
correctrices  reellement  efficaces. 

Un  premier  objectif  des  etudes  en  centrifugeuse  humaine  est  d'apporter  des  reponses 
precises,  forcement  de  portAe  limitee  mais  peu  coOtcuses,  qui  contrlbueront  A  1' analyse 
des  resultats  obtenus  lors  des  essais  en  vol.  L'utilisatlon  dc  rAsultats  d'essais  en 
centrifugeuse  pour  tenter  d'am.Aliorer  la  validitA  des  resultats  obtenus  en  simulation  de 
combat  constitue  une  approche  moins  classique. 

Pour  l'utilisatlon  d'un  viseur  de  casque,  le  problAme  du  controle  en  stabilitA  de 
la  tete  sous  facteur  de  charge  se  pose  sous  plusieurs  aspects.  L'un  d'entre  eux,  le 
controle  motcur  fin,  concerno  essentiellement  les  performances  de  dAsignation  qui 
peuvent  ctre  attendues  d'un  viseur  de  casque.  D'assez  nombreuses  Atudes,  rAcemment 
revues  et  complAtees  par  WELLS  et  GRIFFIN  (7),  rAallsAes  dans  de  conditions  statlques 
ont  AtA  consacrAes  A  ce  sujet.  II  existe  Agalement  dans  la  lltterature  des  exemples 
d'etudes  rAallsAes  en  vol  avec  ce  but  (2).  Enfln,  des  rAsultats  obtenus  en  centrifugeuse 
ont  dAjA  AtA  prAsentAs  par  ailleurs  (3,4,5).  Ils  montrent,  entre  autres,  que  les 
variations  d' accAlArations  amenent  des  perturbations  de  la  stabllltA  beaucoup  plus 
Importantes  que  les  accAlArations  *  Oz  Atablies. 

L'Atude  prAsentAe  avait  pour  objectif  de  caractArlser  quantltativement  la  rAponse 
biomecanique  du  systAme  tete-cou  en  fonction  dc  la  variation  d'accAlAratlon  selon  I'axe 
Z  (tGz).  Ces  caractAristiques  Atant  IdentiflAes,  on  peut  alors  envlsager  d'appliquer  les 
rAsultats  au  problAme  de  la  simulation  de  combat. 

•Now  al  SEXTANT-Avionique,  RueToussaintCaalros,  BP  VI,  33166  Si  Mcdard  en  Jallea,  C'eilea. 
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2,  METHODES 

L’ experimentation  a  etc  conduite  dans  la  nacelle  unlvcrsolle  de  la  centrifugeuse  du 
Laboratoire  de  Medecine  Ae»ospatiale. 

2.1  Dispositif  experimental 

Lc  dispositif  experimental  a  ete  decrlt  en  detail  par  ailleuis  (3,4).  II  est 
organise  autour  d'une  maguette  geometrigue  du  demonstrateur  "Rafale  A". 

Un  viseur  de  casque  eicctro-optique  THOMSON  CSF  permet  la  determination  dc  la 
direction  de  la  vrsee  par  rapport  a  une  reference  de  zero  6tablie  k  1 ' initialisation  au 
moyen  d'un  collimateur  fixe  tfite  haute.  II  permet  de  determiner  les  mouvements  de  la 
tete  avec  une  precision  de  0,5*  pour  les  angles  et  d'environ  1  mm  pour  les  translations. 
La  cadence  de  mesure  est  de  20  points  par  seconde. 

Ce  viseur  est  monte  sur  un  casque  GUENEAU  458  modifie  pour  la  circonstance.  Le 
poids  total  du  dispositif  est  de  1380g.  La  tenue  du  casque  est  assurec  par  un  hablllage 
interne  adapte  pour  cheque  sujet.  Un  masque  Inhalateur,  dfepourvu  de  la  chenille 
d' alimentation,  complete  la  contention,  Un  ^quipement  de  protection  anti-G  est  utilise 
systematiquement . 

Trois  accel^romitres  montds  sur  un  trifedre,  places  A  pioximite  de  la  t6te  du  sujet, 
permettent  d'enregistrer  les  accelerations  sur  les  trois  axes  nacelles  X,  Y,  Z. 

Le  dispositif  d' acquisition  des  donnees  numeriques  et  analogiques  utilise  un 
calculateur  DEC  LSI  11-73.  Les  logiciels  d' experimentation  et  d' exploitation  sont  ecrits 
en  FORTRAN  IV  avec  des  routines  Macro  11.  Ils  fonctionnent  sous  un  systfeme 
d' exploitation  RT-11  SJ  pour  I'acquisition  de  donnees  et  la  gestion  de  1* experimentation 
et  sous  TSX  pout  1' exploitation  differee. 

2.2  Piotocole  experimental 

2.2.1  Sujets 

Neuf  sujets  volontaires  ont  participe  a  I'experimentation.  Ils  ont  ete  recrutes 
parmi  les  parachutistes  d'essais  et  divers  personnels  du  Centre  d'Essais  en  Vol.  Tous 
les  sujets  possedaient  une  experience  prealable  des  essais  en  centrifugeuse. 

2.2.2  Installation  du  sujet  -  conslgnes  d'cxpcrience 

Les  consignee  utilisees  au  cours  de  cette  experimentation  etaient  tres  simples.  Le 
sujet  devait  maintenir  une  visee  casque  la  plus  stable  possible  sur  un  point  situe  a 
I'infini,  materialise  par  le  reticule  du  collimateur  fixe  utilise  peui  1’ initialisation, 
ll  s’agissait  done  d'une  visee  horizontale  (site  et  gisement  nuls)  effectuec  sans  que  la 
tete  ne  repose  sur  I'appui-tete. 

2.2.3  Dcroulcment  des  essais 

Chaque  sujet  effectuait  succossivement  trois  essais.  Chaque  essai  constituait  en 
unc  montee  en  acceleration  jusqu'a  un  plateau  terminal  de  +  5  Gz.  Trois  pentes  de  mise 
en  acceleration  (d(G)/dt)  etaient  explorecs  :  0,3,  0,6  et  1  Gs^^.  Les  deux  premieres 
conditions  etaient  obtenues  avec  un  lancement  61ectrique  de  la  centrifugeuse.  Pour  la 
pente  a  1,0  a/s  le  lancement  etait  effcctue  en  mode  catapulte. 

De  fagon  a  eviter  un  effet  lie  a  I'ordre  de  presentation  des  differents  essais,  le 
plan  experimental  etait  organise  selon  un  carre  latin  3X3  avec  3  repetitions  ( 9 
sujets) . 

F.ntre  chaque  essai,  un  temps  de  repos  de  quelques  minutes  etait  accorde  au  sujet. 
Des  essais  preiiminaires  avaient  montre  que  cette  procedure  etait  bien  toieree  et 
n'entrainait  pas  de  fatigue  excessive. 

2.3  Acquisition  et  traitement  des  donnees 

Apres  chaque  essai,  les  donnees  brutes  de  site  et  de  gisement  de  la  visee  etaient 
affichees  a  I'eoran  sous  forme  graphique,  de  fagon  a  controler  immediati  ,nent  la  qualite 
des  resultats. 

L' exploration  des  resultats  a  conduit  a  la  mise  en  oeuvre  de  deux  types  de 
traitement. 

2,3.1  Representation  graphique 

Les  donnees  des  differents  sujets  ont  4t6  rassembl6es  de  fagon  a  obtenir  des 
graphiques  comparatifs,  en  fonction  du  temps,  pour  les  diffirentes  pentes  de  raise  en 
acceleration. 

A  partir  de  ces  donnees  l'6cart  quadratique  moyen  de  vis6e  en  site  et  en  gisement  a 
ete  calcule,  a  partir  de  2  G  jusqu'A  I'arriv^e  en  plateau  4  5  G. 
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2.3.2  Analyse  specttale 

Une  analyse  sped i ale  a  etc  eondulle  sui  les  siynaux  de  site  et  de  glsement  obtenus  ! 

lots  dea  c.ssais.  Cette  analyse  a  fait  appcl  A  une  routine  de  transform6e  do  Fourier  j 

rapide.  !  [ 

La  stimulation  appliquee  sur  Ic  syst6ine  tete  cou  n'est  ni  periodique  ni  constante.  j  * 

De  faqon  a  prendre  en  comptc  le  faetcur  variation  d'acccl6ratioti  et  le  faetcur  niveau  ’ 

d' aec61et ation  dans  la  description  du  ph6noraenc  unc  analyse  spectralo  a  trois  dimensions  ■  ; 

a  et6  utilisee  (Temps,  Frequence,  Pviissance) .  i 

3.  RESULTATS  ^  i 

Nous  aborderons  success ivement  I'oxamen  des  donneos  brutes,  I'dvolution  des  hearts  i  j 

quadratiques  moyens  de  vis6e  selon  les  diffdrentes  conditions,  puis  les  rfesuliats  de  '  : 

1' analyse  spcctrale. 

3.1  Exaraen  des  donnees  brutes  j 

I,cs  resultats  obtenus  sont  presentes  sous  forme  graphique,  pour  chaque  sujet  et  ^  f 

chaque  variation,  aux  figures  1,  2,  et  3  pour  la  vis6e  en  site  .  Les  traces  en  gisement  ‘ 

ne  sont  pas  presentSs  id.  Cos  resultats  portent  sur  8  sujets.  L’un  des  sujets  a  dQ  6tre 
^limine  du  traitoment  en  raison  d'un  probleme  d'ordre  technique  (decalage  de  la  lame 
dichroiquo  du  collimateur  do  casque)  . 


L’exaracn  des  donnees  brutes  prAsentAes  aux  diffArentes  figures  permet  de  juger  i 

qualitativement  do  I'effet  des  differentes  pentes.  On  note  I'existence  de  perturbations  j 

de  la  visee,  d' allure  pseudo-periodique.  I 

Par  rapport  A  la  visde  de  rAforence,  ou  la  stabilitA  est  meilleure  que  0,5“  pour  i 

1' ensemble  des  sujets,  les  perturbations  sont  prAsentes  meme  avec  les  mises  en  ■ 

acceleration  A  pente  faible  (0,3  G.s"*^).  On  reroarque  une  trAs  grande  variabilitA  selon  ; 

les  sujets,  aussi  bien  dans  I'amplitude  que  dans  la  forme  des  perturbations. 

On  constate,  en  examinant  comparat ivement  les  traces,  que  I'apparition  des  j 

oscillations  est  plus  tardive  avec  la  pente  la  plus  faible  (fig.  1,  2).  Ce  fait  peut 
eti'o  interprAtA  comme  I'existence  d'un  effet  de  seuil  lie  A  la  valeur  instantanAe  de  G. 


Pour  la  pente  la  plus  forte  (1  fig.  3)  il  existe  au  dAbut  de  chaque  tracA 
une  perturbation  en  pic  do  grande  amplitude  (supArieure  A  5“).  Cette  perturbation  est 
liee  au  mode  de  dAraarrage  de  la  centrifugeuse  (catapulte)  qui  engendre  un  transitoirc 
d' accAlAration  selon  I'axe  X.  ce  transitoire  atteint  une  amplitude  de  +0,5  A  0,6  Gx. 

II  existe  une  tres  grande  variabilitA  interindividuelle  quant  A  I'amplitude  et  A  la 
frAquence  des  oscillations  de  la  vlsAe  pendant  la  montAe  en  accAlAration.  Pour  le  sujet 
n“  7  qui  obtient  des  rAsultats  mAdiocres,  quelles  que  soient  les  pentes,  I'amplitude 
maximale  creto  A  crAte  des  perturbations  atteint  4“  dAs  0,3G  par  seconde.  Erie  passe  A 
10°  avec  la  pente  A  IG/s.  Les  tracAs  des  sujets  2  et  3  montrent  au  contraire  une 
stabilitA  relativement  bonne.  Toutefois,  A  1  G.s’*,  on  observe  des  perturbations  dont 
I'amplitude  Crete  a  Crete  atteint  4  A  6°. 

L'arrivee  en  plateau  d' acceleration  A  5G  (pour  les  essais  A  0,6  G.s  *  et  1  Gs."*) 
so  traduit  pour  la  plupart  des  sujets  par  un  retour  A  une  visAe  beaucoup  plus  stable. 
Les  variations  observees  no  dApassent  alors  pas  1°  d' eunplitude. 

3.2  Eoart  q\iadratlque  inoyen 

Les  valeurs  des  ecarts  quadratiques  de  visAe  en  site  et  en  gisement  (sur  8  sujets) 
pour  les  differentes  pentes,  sont  presentees  A  la  figure  4.  Comme  I'indiquent  les 
valeurs  presentees,  il  existe  vine  forte  variabilitA  interindividuelle. 

On  constate,  aussi  bien  en  site  qu'en  gisement,  que  ces  valeurs  varient  peu  avec 
les  pentes  A  0,3  et  0,6  G.s'^.  Par  centre  le  lanceraent  A  1  G.s  ^  se  traduit  par  une 
augmentation  plus  importante  de  I'ecart  quadratique  de  visAe.  Celui-ci  dApasse  2“  en 
site,  lorsque  I'on  s'intAresse  A  la  moyenne  sur  1' ensemble  des  sujets.  En  excluant  le 
sujet  n“  7  de  ce  calcul  de  moyenne,  I'Acart  quadratique  de  visAe  moyen  atteint  encore 
1,7“  (66  %  des  mesures  entre  i  1,7“  par  rapport  A  la  valeur  de  consigne). 

3.3  Analyse  speotrale 

Les  resultats  obtenus  en  soumettant  les  signaux  de  visAe  A  1' analyse  spectrale  se 
sont  revelAs  dAcevants,  sans  doute  en  raison  d’une  technique  d' analyse  mal  adapt Ae. 

En  effet  les  spectres  des  puissances  obtenus  montrent  une  repartition  relativement 
constante  en  fonction  de  la  frAquence.  Dans  la  plupart  des  cas,  on  observe  entre  1  et 
2  Hz  une  bande  dont  I'amplitude  est  seulement  tres  lAgArement  supArieure  A  oelle  du 
bruit  de  mesure. 
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4.  DISCUSSION 

Le  domaine  de  variation  d* acceleration  utilise  lors  de  cette  etude  constltue  le 
premier  point  de  cette  discussion.  En  effet,  11  demeure  relativement  loin  des 
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possibilitds  des  avions  de  combat  modernes  Eusccptibles  de  teoevoir  un  viaeur  de  casque. 
Nous  aborderons  ensultc  le  probl6me  de  la  stabilisation  de  la  tdto,  sous  ses  aspects 
blom^canlques  et  de  contrdle  moteur.  Le  dernier  point  sera  constitu6  par  1’ application 
pratiques  aux  etudes  en  simulateur  de  combat  qul  peut  etre  envisag6e  ii  partir  des 
r^isultats  obtenus. 

4.1  Domaine  dc  stimulation 

Les  variations  d' aooeldration  (d<.G)/dt)  utilisdes  pour  stimuler  de  systfeme  tdte-cou 
lors  de  l'exp6rimentation  pcuvent  apparaitre  relativement  f.iibles  par  rapport  au  domaine 
d'un  avion  comme  le  Mirage  2000  ou  le  Rafale.  Selon  les  donndes  obtenues  au  CELAR  lore 
de  campagne  de  simulation  do  combat  aveo  viseur  de  casque,  on  peut  se  rendre  oompte  que 
les  situations  6tu  en  centrifugeuse  sent  dans  un  domaine  relativement  rdaliste 

d'utilisation  du  viseur  (fig  b). 

En  eff^t,  s '.r  8  vols  sdlectionndr  oM  constate  que  dans  prfes  de  93  %  des  oas,  le 
viseur  c  .tlirsd  avec  une  variation  de  facteur  dc  charge  infdrieure  i  2g/S  (prfes  de 
48  %  en  fa^icur  de  charge  constant).  Par  ailleurs  on  retrouve  un  certain  nombre  de 
notions  dc ja  cvoquecs  ant6rieurement  montrant  une  utilisation  prdfdrentielle  entre  +1,5 
et  ■■  b  G,  avec  des  pics  socondaires  a  +3,5,  5  et  8  G  (fig  6). 

Corapte  tenu  de  ces  donnees,  on  peut  flnalement  consld6rer  que  le  domaine  convert 
par  1' etude  on  centrifugeuse  (de  0,3  a  1  Gs"’^  avec  un  plateau  &  5G)  s' applique 
relativement  bien  a  une  situation  plus  oparationnellc,  tealis6e  en  simulation  de  combat. 

4.2  Aspects  fondamentau.x  des  mdeanismes  de  stabilisation 

Rcrativemont  peu  d'etudos  ont  d' e  con.sacrdes  a  I'effct  de.s  perturbations  dynamiques 
ur  la  s*;abilisation  en  position  de  la  tete,  Parmi  celie-ci,  I'dtude  pilote  rdalisde  par 
VIVI/'.JII  et  FiRTHOZ  (6)  amene  d ’S  donnees  interensantes  pour  notro  propos.  Les  auteurs  so 
sont  pat  v.ioulidrement  in+  •.  esse  a  la  dvramiqee  du  systdr.  e  tdtt-cou  en  rdponse  A  des 
petites  perturbations  dc  rorce  appliquee  dans  le  plc.n  sagittal  de  la  tdte. 

Les  auteurs  ont  ainsr  mori  nr  qu’c  .,>ode  sinusoidal  au  c  rssous  de  2  Ht,  lorsquc 
le  sujet  resiste  d'une  maniere  ac.tivt  A  ’a  force  ipplieudL,  la  reponse  de  la  tete  montre 
une  distorsion  tres  impor-anto  par  rapport  A  1.'  stlm  .latic  ,  d'entree.  En  revanche,  au 
dessus  de  2  Hz  la  rdponse  devien+  presqu-  .’^nealre  et  le  rdsultats  suggerent  que 
I'ensemble  tete-cou  se  comporte  comme  un  systdme  quas*-l ' ndaire  du  second  ordre  avec  2 
dtgres  de  liborte.  Cette  < tudo  met  en  evidence  cue  r'on  ne  peut  se  baser  sur  des  donnees 
statiqu.s  (par  exemple  la  forr  'male  dev®'  gee  par  le ’  muscles  du  cou)  pour  prddire 
le  comportemunt  dynamique  d'  .e.  En  t  des  iorce.n  relativement  faibles  variant 

dans  le  temps  peuvent  indu  .eplaceme''  c  tete  non  negligcable. 

En  basse  frdquonce,  I'annulation  com'  ce  ts  it  uvements  d.  i...  t6tc  n'est  obtenue 
qu'en  dessous  ue  0,4  Hz,  dans  les  conditi  ns  exp‘brimc..,oales  utilisdes  par  les  auteurs. 

Ccs  donndcs  "cnt  A  rapprochcr  des  observatiunu  r  ffcctudcs  lors  des  cssais  cn 
centrifuqeuse. 

ii'dtude  en  centrifugeuse  amene  A  considerer  1' application  de  forces  selon  I'axe  Z 
du  systArae  tdte-cou,  variant  dans  un  domaine  de  temps  (5  A  12  s)  largement  supAr.ieur  A 
celui  utilisA  par  VIVIAHI . 

En  revanche  les  forces  appliquees  ont  une  eunplitude  beaucoup  plus  grande  (fonction 
de  la  lesultante  des  forces  d'inertie  appliquAes  au  centre  de  gravitA  de  la  tete).  Dans 
le  cc'.<  de  I'etudc  en  centrifugeuse,  la  force  A  prendre  en  cempte,  est  la  modification  du 
poil'i  c'ie  la  tAte  AquipAe  (soit  prAs  de  7,5  )tg)  en  fonction  de  I'accAlAration  rAsultante 
(5  ra...ximum).  Ceci  correspond  done  approximativement  A  une  force  de  300  N,  tres 
SI  Arieure  A  ceiles  envisagAe  plus  haut  (15  N  au  maximum). 

Les  valeu’. a  de  sortie  considArAes  dans  i'Atude  en  centrifugeuse  sont  les  variations 
angulaires  dc  la  ligne  de  visAe,  sur  une  cible  sltuAe  A  I'lnflnl.  L'Atudc  precAdente 
considere  en  fait  le  dAplacement  total  de  i  tete  en  rAponse  A  la  stimulation.  Sur  un 
plan  fondamental,  il  aurait  done  fallu  prendre  en  compte  la  mesure  des  translations  de 
la  tete  afin  de  mettre  en  Avidence  une  rAponse  harmoniquement  liAe  A  la  stimulation. 
Cett ,  rApop  1  ne  oonstitue  cependant  pas  I’essentiel  du  problAme  du  viseur  de  casque, 
puisqu'elle  n'intervient  pas  sur  la  direction  de  la  visAe,  lorsque  Celle-  ci  s'effectue 
A  1' inf ini. 

La  variable  de  sortie  utilisAc  en  centrifugeuse  prends  alnsi  une  dimension  plus 
"opArationnelle"  (malntlen  de  la  capacitA  de  dAsignatlon  avec  rAtro-action-visuelle)  que 
bioi'icanique.  On  peut  alors  oonsldArer  que  I’effet  liA  A  la  rAtro-action  visuelle,  qui 
ne  contribuait  pas  slgnif Icatlvoment  aux  rAsultats  obtenus  par  VIVIANI  et  BERTHOZ,  est 
sans  aucun  doute  prAdomlnant  dans  I'Atude  en  centrifugeuse. 

Ceci  est  clairement  dAmontrA  par  les  rAsultats  issus  d'une  Atude  complAmentalre 
effectuAe  ulterleuremeut.  Trols  conditions  de  vision  ont  AtA  alors  utlllsAes  : 
RAtroacti'- i  visuelle  (matArlallsatlon  de  la  position  de  la  tAte),  vision  sans 
rAtroact 'Ml,  sans  vision  (maintien  de  la  visee  stable  sur  une  cible  Imaglnalre).  Le 
comportemen'.  oscillatoire  de  la  tete  est  en  effet  liAe  A  la  condition  de  rAtroactlon 
visuelle  alors  que  les  deux  autres  conditions  conduisent  A  des  rAjponses  plus  directes 
par  rapport  A  la  stimulation. 
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C.'S  616monts  montront  la  difflcull6  cxlstante  dans  la  transposition  dirocte  des 
lesultdts  d'unc  nxpdrimentation  a  I’autre.  En  particulicr,  on  pout  16gitimement  faire 
I'hypothfese  quo  1 'amplitude  niaximale  dea  forces  observ6es  en  centrifuqouse  modifie 
forteraent  les  caractdristiquos  de  rdponse  du  systemc  t6te-cou. 

Cortaines  similitudes  peuvent  cependant  etre  relevdes,  en  particulicr  pour  ce  qui 
concerno  la  rdponse  observde  aveo  1' acceleration  +  Gx  en  debut  de  oatapultage.  Dans 
cette  condition,  avec  unc  frequence  initiale  de  stimulation  eievde,  la  rdponse  du 
systdme  est,  selon  toute  vraiseirblance,  tret  liee  a  I'etat  de  tension  de  la  musculature 
du  oou  et  non  k  unc  comnande  d’oppositlon  au  d6placemcnt.  Les  variations 
1 nterindividuolles  dans  1' amplitude  de  la  rdponse  peuvent  alors  etre  attribues  aux 
oaracteristiques  <Jcs  parametres  viscoeiastiques  du  systeme.  On  pout  alors  retrouver  une 
analyse  des  m6canisraes  identique  &  oelle  proposbe  par  VIVIANI  et  BERTHOZ. 

Dans  le  contexte  fonctionnel  de  la  coordination  de  I'oeil  et  de  la  tetc,  il  est 
logique  do  considdrer  quo,  sous  I'effet  de  forces  exterieures,  la  tete  n'assure  qu'une 
stabilisation  grossifere  alors  quo  I'oeil  est  lesponsable  des  ajustements  fins  conduisant 
a  I'obtcntion  d'une  vision  nette.  Ccs  considerations  s'inserent  d'une  manifere  cohdrente 
avec  les  donn^cs  fondamentales  disponibles  sur  ce  sujet.  Ceci  amfene  a  envisager  que  les 
mecanismos  de  stabilisation  de  la  t6te,  en  presence  de  perturbations  variant  dans  le 
temps,  ne  soient  pas  naturellcmcnt  bien  adaptes  au  mainticn  d'une  position  precise  fixe 
dans  I'espace.  Dans  ces  conditions  I'utilisation  d'un  viseur  de  casque  qui,  par 
principe,  supprimo  la  possibilite  d'ajustement  fin  par  le  mouvement  de  I'oeil,  ne  peut 
conduire  a  une  designation  precise  lorsque  1' acceleration  varie.  En  revanche,  dans  des 
conditions  statiques,  lorsque  les  forces  appliqudcs  ne  changent  pas  dans  le  temps,  les 
mdeanismes  de  stabilisation  de  la  tete  retrouvent  leur  efficacitd.  Une  degradation  de  la 
performance  peut  alors  etre  attribuoc  a  un  effet  direct  des  forces  sur  I'effecteur, 
c'est-4-dire  unc  saturation  des  possibilitds  raecaniques  du  systeme  ostdoarticulaire  et 
musculaire  du  cou.  II  faut  remarquer  ici  quo  cette  situation  n'a  pas  6td  rencontrde  dans 
le  domaine  d'accdleration  dtudie  (  jusqu'a  rS  GZ  )  et  pour  I'dqulpement  de  tete  utilise. 

4.3  Application  pratique  h  la  simulation  de  vol 

Comme  I'indique  I'cnsemble  des  resultats  obtenus,  il  faut  s'attendre  a  une 
degradation  notable  des  possibilites  de  designation  par  un  systeme  porte  par  la  tete, 
lors  des  variations  d' accdleration.  Il  faut  remarquer  ici  que  les  essais  ont  etd 
effoctues  avec  la  tete  en  position  de  reference  (visee  horisontale)  et  qu'une  visee  sur 
un  point  excentrd  amena  gendtalement  une  degradation  supplementaire  (6). 

Il  semblerait  done  judicieux  d'introduire  cette  notion  dans  les  dtudes  menees  en 
simulateur  de  combat.  L'utilisation  d'un  signal  dc  bruit  surajout^  aux  mesures  provenant 
du  viseur  de  casque,  fonction  de  G  et  de  d(G)/dt,  constitue  une  solution  possible. 

Les  rdsultats  obtenus  avec  1' analyse  de  frequence  ne  perraettent  pas  d' identifier 
precisdment  les  caraetdristiques  de  frequence.  La  technique  d'analyse  et  la  faible  durec 
des  experimentations  sont  de  toute  evidence  mal  adaptees  a  ce  propos.  Il  est  cependant 
possible  de  proposer  des  recommandations  definissant  approximativement  les 
Ci. lacteristiqucG  d'un  tel  bruit  : 

-  bande  dtroite  en  basse  frequence  (F  <  10  Ht)  avec  une  dominante  entre  1  et  2  Hz. 

-  I'energie  du  signal  pourrait  etre  evaluee  par  une  interpolation  rdalisce  a  partir 
des  valeurs  d'ecart  quadratique  moyen  obtenues  pour  les  diff6rents  d(G)/dt  dtudids. 

-  application  A  partir  d'un  seuil  d' acceleration  de  +2  Gz,  sans  tenir  compte  de 
I'effet  li^  a  G  qui  apparait  relativeraent  peu  important. 

Hors  du  domaine  de  I'etude  (d(G)/dt  >  IG/s)  11  est  difficile  d'dvaluer  I'evolution 
que  devrait  suivre  ce  bruit.  Une  extrapolation  prudente  peut,  sans  trop  dc  risques,  etre 
effectuee  jusqu'A  2  G/s. 

Tout  laisse  cependant  penser  quo  1' amplitude  des  rdponses  de  la  tete  augmente  d'une 
maniSre  tres  importante  avec  la  frequence  de  la  perturbation  d'entrde. 

Dans  ces  conditions,  la  solution  la  plus  simple  pour  les  mesures  realisees  avec  des 
d(G)/dt  dlcves  pourraient  etre  d'affecter  systdmatiquement  une  condition 
d' Imposslbilite. 

Ces  considerations  doivent  etre  temper^es  par  des  facteurs  lids  A  la  simulation 
rdalisde.  En  effet,  I'addition  d'un  bruit  sur  le  signal  provenant  du  viseur  de  casque 
constitue  un  dldment  extdrieur  au  pilote,  non  corrdld  avec  ses  propres  impressions.  De 
plus,  11  ne  faut  pas  negllger  les  bruits  resultant  des  conditions  de  simulation  elles 
mdmes,  qui  rendent  la  visee  plus  imprecise  qu'en  rdalltd.  Ce  sont,  par  exemple,  les 
petites  erreurs  resultant  d'une  correction  de  parallaxe  Imparfalte  ou  les  retards 
dynamlques  introduits  par  le  systeme  de  calcul.  Ces  petits  defauts  de  simulation 
n'existent  en  principe  pas  en  situation  rdelle.  Ces  diffdrents  facteurs  devraient  done 
aussl  contribuer  A  la  moddlisation  d’un  signal  d'erreur  destlnd  a  prendre  en  compte 
I'effet  des  accdldrations. 


5.  CONCLUSION 


La  stabilit6  de  la  visde  effectuee  au  moyen  d'un  viseur  de  casque  se  r6v61e  tr6s 
signif icatlveraent  affectde  par  les  variations  d'acc616ration  +  Gz.  En  site,  I'dcart 
quadratique  moyen  sur  8  sujets  atteint  0,8"  dds  0,3  G.s  *^  et  ddpasse  2  degres  4  1  G.s'"^. 
L' identification  des  perturbations  de  vis4e  dans  le  domaine  frdquentiel  s'est  avdrde 
difficile,  en  raison  des  conditions  expdrimentales  et  des  variations  interindividuelles. 

sur  le  plan  pratique,  on  peut  supposer  que  le  realisms  des  dtudes  mcnees  en 
simulateur  de  combat  pourrait  Strc  ameliord  en  sura joutant  un  bruit  ( f onction  de  G  et 
d(G)/dt)  aux  mesures  viseur. 
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SUMMARY 

A  statistical  study  was  made  using  head  kinematic 
response  data  from  a  set  of  79  human  -X  impact 
acceleration  tests  conducted  at  the  Naval  Biodynam¬ 
ics  Laboratory.  Five  volunteer*  subjects  were 
tested  successively  in  three  configurations:  (a)  no 
helmet,  (b)  helmet  only,  and  (c)  helmet  with 
weights.  The  peak  acceleration  levels  ranged  from 
3g  to  lOg.  Three  kinematic  responoes,  the  X  and  Z 
components  of  the  linear  acceleration  and  the  Y  axis 
angular  acceleration,  were  analyzed.  These  acceler¬ 
ation  curves  were  fitted  with  polynomial  splines 
using  least  squares  techniques.  The  fitted  peaks 
and  times  to  peak  were  then  regressed  against  aled 
acceleration,  initial  head  orientation  and  head/neck 
anthropometiic  pai.'^meters.  Statistical  measures  of 
goodness  of  fit  were  highly  significant.  The 
regression  equations  were  used  to  simulate  the 
effects  of  varying  individual  parameters  (such  as 
total  head  mass,  peak  sled  acceleration,  neck  length, 
etc.). 


The  results  demonstrate  an  analytical  approach  for 
extrapolating  human  head/neck  kinematics  to  levels 
and  types  of  exposure  where  injury  would  be 
expected.  Future  applications  of  this  modeling 
technique  include  analysis  of  the  effects  of  mass 
distribution  parameters  on  head/neck  dynamic 
response  to  *Z  vertical  impact  acceleration. 


LIST  OF  SYMBOLS 


AAX  X-component  of  head  linear  acceleration  in 
the  sled  coordinate  system  (m/sec*) 

AAZ  Z-component  of  head  linear  acceleration  in 
the  sled  coordinate  system  (m/sec*) 

DOP  duration  of  peak  sled  acceleration  (msec) 
ESV  endstroke  sled  velocity  (m/sec) 

HM  total  head  mass.  Includes  head,  mouth 
instrumentation,  and  helmet  configuration 
mass  (kg) 

HO  helmet  only  configuration 

HW  helmet  with  weights  configuration 

IDAX  initial  X-component  of  head  linear  displace¬ 
ment  in  the  sled  coordinate  system  (m) 

IDAZ  initial  Z-component  of  head  linear  displace¬ 
ment  in  the  sled  coordinate  system  (m) 

INT  intercept  of  a  regression  line 
IPHB  initial  head  angular  displacement  about 
Y-axis  of  head  anatomical  coordinate  system 
(rad) 

NC  neck  circumference  (cm) 

NL  neck  length  (cm) 

NH  no  helmet  configuration 

PSA  peak  sled  acceleration  (m/sec*) 


^  Tie  iitcrpretUioii  ud  oniiosi  ii  tkii  vork  ire  tkc  iilkori'  ud  lot 
lectiiirilj  reflect  tke  iid  fieii  of  ike  hif  or  otker  forcrmil  tfeiciei. 

^  foliiteer  iibjecti  lere  recriitedi  euliited.  tid  eiplofed  ii  iccorvucc  fit! 
Kocedtret  i^eeified  ii  tke  DcMditil  of  Defeiie  Directive  HK.t  ud  Semliry  of 
Ike  lit)  Iiitriclioi  HOO.l)  leriei.  fkeie  iiitrictioii  leet  or  exceed  K^uiliif 
iitioiel  ud  iiieriitioiil  itudtrdi  for  tke  ^rctectioi  of  keiii  rikjecti. 


QHB  head  angular  acceleration  about  Y-axiaof  head 
anatomical  coordinate  system  (rad/sech 
ROO  rate  of  sled  acceleration  onset  (m/sec  ) 

INTRODUCTION 


Current  aviator  helmet  developments,  which  incorpo¬ 
rate  a  variety  of  helmet  mounted  protective  and 
weapons  related  systems  including  night  vision 
goggles,  may  compromise  aircrew  safety.  As  part  of 
a  long-term  program  to  develop  criteria  for  protect¬ 
ing  aircrew  from  the  potentially  harmful  effects  of 
impact  acceleration,  the  Naval  Biodynamics  Laborato¬ 
ry  (NAVBIODYNLAB)  is  studying  human  head  and 
neck  response  to  whole-body  acceleration  to  develop 
predictive  models  for  neck  injury. 

The  regression  model  reported  here  can  be  used  to 
simulate  the  effects  of  changes  in  acceleration 
profile,  mass  distribution  properties  of  the  head, 
and  varying  neck  morphology  on  human  head/neck 
kinematics.  Such  models  allow  study  of  the  individ¬ 
ual  effects  of  varying  parameters  (such  as  head 
mass)  whose  experimental  measurement  might  com¬ 
promise  the  safety  of  the  volunteers  and  would 
require  excessive  amounts  of  data.  In  particular, 
this  paper  describes  a  predictive  regression  model 
for  unhelmeted  and  helmeted  human  head  kinematics 
for  the  -X  vector  direction. 

METHODOLOGY 

(1)  Database.  The  data  used  in  this  analysis  were 
obtained  from  79  -Gx  impact  acceleration  experi¬ 
ments  involving  five  human  research  volunteers 
(HRVs)  [Table  1]. 

Table  1.  Test  Matrix  of  Peak  Sled  Acceleration 

by  Helmet  Configuration 


Conditions 

Subject  ID  1 

N166 

K168 

H199 

Hl?2 

HITS 

NH  3g 

1 

1 

2 

1 

1 

HO  3g 

LJ 

1 

1 

1 

1 

HW  3g 

1 

1 

1 

1 

1 

NH  5g 

1 

1 

1 

1 

1 

HO  5g 

1 

1 

1 

1 

1 

HW  5g 

1 

1 

1 

1 

1 

NH  7g 

1 

1 

1 

1 

1 

HO  7g 

i 

1 

1 

- 

1 

HW  7g 

- 

1 

1 

- 

1 

NH  8g 

1 

2 

1 

1 

1 

HO  8g 

1 

2 

2 

- 

1 

HW  8g 

- 

2 

2 

- 

- 

NH  9g 

1 

1 

1 

1 

1 

HO  9g 

1 

1 

1 

- 

1 

HW  9g 

- 

- 

- 

- 

NH  lOg 

3 

3 

2 

1 

3 

XuslMr  runs  at  Mch  conrifurttion  iu>4 
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All  experiments  were  conducted  at  the 
NAVBIODYNLAB.  The  experimental  and  instrumental 
tion  details  have  been  extensively  reported  else¬ 
where  [1-6].  The  HRVs  were  instrumented  to 
measure  head  and  neck  displacement  and  linear  and 
angular  acceleration.  They  were  seated  with  full 
torso  restraint  and  the  head  and  neck  were  allowed 
to  move  freely.  Each  volunteer  was  tested  succes** 
sively  in  three  configurations:  (a)  no  mass  addition; 
(b)  helmet  and  weight*’carrier;  (c)  helmetj  weight- 
carrier,  and  two  pairs  of  .213  kg  weights  mounted 
symmetrically,  mid-aagittally  high  in  front.  A 
progression  of  increasing  sled  accelerations  from  3g 
to  lOg  was  completed  for  each  configuration. 

Figure  1  illustrates  typical  acceleration  tiae  traces 
for  5g  to  lOg.  The  identified  parameter.^  include 
peak  sled  acceleration  (PSA),  endstroke  sled  veloci¬ 
ty  (ESV),  rate  of  acceleration  onset  (ROO),  and 
duration  of  peak  acceleration  (DOP)  [Table  2]. 


Tlm« 


Figure  1.  Typical  sled  acceleration  pro¬ 
files. 


Table  2*  Range  of  Sled  Acceleration  Parameters 


Variable 

Units 

Range 

PSA 

ra/sec^ 

28.9  -  98.7 

ESV 

m/sec 

5.5  -  13.8 

ROO 

ra/sec^ 

519  -  2679 

DOP 

msec 

128  -  104.2 

The  selected  initial  position  parameters  are  the 
initial  head  linear  displacements  IDAX  and  lOAZ  and 
the  initial  head  angular  displacement  IPHB  [Table  3j. 
These  positions  are  meaisured  with  respect  to  the 
origin  of  the  sled  coordinate  system.  All  tests  were 
run  in  the  nominal  neck-up,  chin-up  (NUCU)  condi¬ 
tion  with  IPHB  expected  to  be  close  to  zero  radians. 
Within-siibject  ranges  for  the  position  parameters 
were  much  narrower  than  the  overall  range  of 
variation. 

Table  3.  Range  of  Initial  Head  Linear  and 

Angular  Displacements 


Variable 

Units 

Range 

IDAX 

meters 

-1.332 

-  -1.243 

IDA2 

meters 

1.603 

-  1.567 

IPHB 

radians 

-.349 

-  -.025 

The  identified  head/neck  anthropometry  parameters 
are  head  mass,  neck  length,  and  neck  circumfer¬ 
ence.  Head  length  and  circumference  are  measured 
as  indicated  in  Figures  2  and  3*  Neck  circumfer¬ 
ence  is  measured  as  in  Figure  4.  However,  neck 
length  is  computed  as  the  difference  between  (Tl- 
top  of  head)  and  head  height  as  indicated  in 
Figures  5  and  6. 


Head  mass  for  the  un-instrumented  HRVs  were 
estimated  using  the  formula  [6]; 

HM  =  .21618  HC  -  .12184  HL  -  5.5936 

where: 

HM  =  head  mass  {kg) 

HC  -  head  circumference  (cm) 

HL  =  head  length  (cm) 

The  measurements  for  each  HRV  are  listed  in  Table 

4. 


I 
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Table  4.  Selected  Head  and  Neck  Anthropometric 
Data  on  Five  Volunteer  Subjects 


Subject 

Head 

Length 

(ca) 

Head 

CircuB. 

(c«) 

Head  Maas 
(kg) 

H166  1 

20.1 

56.5 

4.172 

H168 

21.1 

58.9 

4.569 

H169 

19.5 

57.0 

4.353 

H172 

19.6 

57.8 

4.513 

H175 

19.5 

56.6 

4.266 

Subject 

T- 1/Top 
of  Head 
(oi) 

Head 

Height 

(cb) 

Keck 

Length 

(cb) 

Neck 

CircuB. 

(cb) 

HI  66 

27.3 

13.4 

13.4 

36.3 

H168 

26.4 

13.9 

12.5 

39.0 

H169 

26.7 

13.2 

IS, 5 

38.0 

H172 

27.9 

12.8 

15.1 

36.9 

H175 

27.3 

12.4 

14.9 

37.2 

The  added  head  mass  for  each  subject  for  each 
configuration  is  shown  in  Table  5.  The  added  mass 
in  the  unhelmeted  case  consists  of  the  mouth  mount) 
T-plate  and  connecting  straps.  The  shifts  in  the  X 
and  Z  components  of  the  center-of-gravity  (c.g.) 
are  with  respect  to  the  c.g.  taken  from  cadaver 
data  [11]«  The  shift  in  the  Y  compKsnent  of  the  c.g. 
is  negligible,  due  to  the  lateral  symmetry  of  the 
total  head  mass. 


Table  5.  Added  Head  Maas  and  Shift  in  c.g.  for 
Each  Subject  for  Each  Configuration 


Sibjict 

18 

iU) 

c.(i  fkift 
(Cl) 

80 

iU) 

ikift 

{«) 

It 

iU) 

c.f.  ikiU 
(ci) 

Hi! 

0.0) 

1.0.  -0.1 

o.ni 

1.0.  -0.1 

i.m 

1.9,  ).( 

nil 

o.ur 

1.0,  -0.1 

O.lll 

1.0,  -0.1 

i.iit 

t.O,  1.0 

Hit 

(l.OI 

l.C,  -O.T 

0.»! 

1.0,  0.1 

i.tii 

l.i.  <  1 

ill] 

(.01 

l.O,  -0,1 

I.Oil 

1.0,  -O.i 

i.m 

M.  0.1 

im 

0.0! 

1.1,  -M 

0.1)1 

1.!,  -0.1 

i.m 

!.},  O.T 

(2)  Analysis.  To  smooth  the  data,  the  head  linear 
and  angular  acceleration  curves  (AAX,  AAZ,  and 
QHB)  were  fitted  with  polynomial  splines  using  least 
squares  techniques  [7,  8,  91.  For  each  curve,  the 
times  to  peak  and  peak  amplitudes  for  the  first  five 
peaks  were  determined  from  the  fitted  curve 
(Figure  7), 


ference)  to  obtain  a  prediction  model  for  peak 
values  for  each  curve.  Several  SAS#  regression 
programs  (STEPWISE,  RSQUARE,  REG)  were  used  in 
the  parameter  selection  process*^  A  simulation 
model  was  developed  by  adding  appropriate  normal¬ 
ly  distributed  errors  to  the  prediction  model.  The 
predicted  curves  are  obtained  by  fitting  the  pre¬ 
dicted  peak  values  with  cubic  splines.  Estimated 
upper  and  lower  confidence  bands  for  each  curve 
were  generated  by  simulating  the  predicted  curve 
100  times  and  determining  the  upper  and  lower 
boundaries. 

RESULTS 

The  regression  models  for  the  peak  values  and 
times  to  peak  for  the  three  kinematic  parameters 
are  listed  in  Appendix  1.  Figures  8-10  illustrate 
the  estimated  confidence  bands  for  the  three 
kinematic  curves  for  test  LX6460.  Figures  11  -  13 
illustrate  the  effect  of  varying  only  the  acceleration 
profile  parameters.  PSA  and  ESV  were  the  parame¬ 
ters  perturbed  in  the  simulations  since  they  were 
the  sole  acceleration  profile  parameters  appearing  in 
the  various  regression  models.  As  expected,  peak 
magnitudes  increase  and  times  to  peak  decrease 
with  increased  PSA  and  ESV  for  all  three  kinematic 
responses. 

Figures  14  -  15  illustrate  the  effect  on  AAZ  of 
varying  added  head  mass  from  0.0  kg  to  3.0  kg  at 
8g  and  16g  respectively.  Figures  16  -  17  illustrate 
the  same  effect  on  angular  acceleration,  QHB.  There 
is  no  statistically  significant  effect  on  AAX  due  to 
head  mass.  These  effects  are  small.  The. decrease 
in  peak  head  acceleration  is  only  7  m/s*  and  60 
rad/s^  for  each  additional  kg  of  added  mass.  The 
effects  of  the  input  acceleration  (PSA)  are  much 
greater  than  theae  small  effects  as  illustrated  in 
Figures  18  -  21. 

Figure  18  shows  that  a  Ig  increase  in  PSA  almost 
cancels  the  effect  of  a  2  kg  increase  in  added  mass. 
These  opposing  effects  are  illustrated  in  Figure  19 
which  shows  that  a  .5g  increase  in  PSA  cancels  the 
opposing  effect  of  a  1  kg  addition  to  head  mass. 
These  effects  for  head  linear  acceleration  also  hold 
true  for  angular  acceleration  (Figures  20  -  21}. 

Regarding  neck  anthropometry,  peak  magnitudes  of 
head  acceleration  decrease  with  increasing  neck 
circumference  and  increasing  neck  length.  Because 
of  the  narrow  range  of  neck  anthropometry  repre¬ 
sented  by  the  five  subjects,  no  general  conclusions 
can  be  drawn.  However,  these  two  neck  anthropom¬ 
etry  parameters  do  contribute  significantly  to  the 
predictive  model  adding  from  6  to  10  percent  of  R* 
in  some  cases  [10]. 


Tim*  <a*a«n4*) 


Figure  7.  The  five  chosen  peaks  foi  QKB. 


’  s»  iiititiu,  lie.,  mmm,  leitut  t.ci. 


These  computed  values  were  then  regressed  against 
the  four  oled  parameters  (PSA,  ESV,  ROO,  DOP),  thsi 
init.ial  head  orientation  in  the  X-Z  plane  (IDAX,  IDAZ, 
IPKB)  and  several  functions  of  three  anthropometric 
parameters  (head  mass,  neck  length,  neck  circuro- 


Figure  16*  Effect  of  Added  mAss  on  QHB 

At  8g. 


Figure  20.  RelAtive  effects  of  PSA  and 
added  head  mass  on  QHB  (lOg,  0kg  base 
level). 
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Figure  17.  Effect  of  added  mass  on  QHB 


at  16g. 


Figure  21.  Combinations  of  PSA  and 
added  head  mass  yielding  equivalent  QHB 


Ttm« 


Figure  18.  Relative  effect  of  PSA  and 
added  head  mass  on  AAZ  (lOgi  0kg  base 
level). 
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Figure  19.  Combinations  of  PSA  and 
added  head  mass  yielding  equivalent  AAZ. 
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The  results  of  this  study  provide  an  analytical  ap* 
proach  to  extrapolating  helmeted  human  volunteer 
head/neck  kinematics  to  levels  where  injury  night 
be  expected.  A  single  analytic  model  describes  both 
helmeted  and  unhelmeted  kinematics  with  total  head 
jiass  being  the  sole  head  inertial  parameter  re¬ 
quired.  Based  on  this  model,  added  head  mass 
reduces  peak  head  linear  and  angular  acceleration 
for  -Ox.  This  reduces  the  increase  in  the  estimated 
forces  and  torques  at  the  occipital  condylec  [5]  due 
to  this  added  mass.  Analysis  of  these  interacting 
effects  requires  more  detailed  raodels* 

Future  models  will  incorporate  all  the  various  head 
inertial  parameters  (center  of  gravity,  moments, 
etc.)  among  the  indspendent  regression  variables. 
The  influence  of  neck  anthropometry  on  head 
kinematics  will  also  be  incorporated,  usin,^.  a  greater 
range  of  data* 

The  basis  for  this  model  developmc  it  is  the  -fZ 
vertical  helmeted  test  series  presentl;'  underway  at 
NAVBIODYNLAB.  Twelve  subjects  are  being  tested 
under  nine  different  mass  addition  treatments  at 
levels  ranging  from  3  to  8g*B.  The  ranga  of  accel¬ 
eration  profile,  head  mass  distribution,  and  neck 
anthropometry  parameters  covered  by  this  series 
will  yield  a  definitive  regression  model  for  human 
*Z  helmeted  head  kinematics.  This  model  can  be 
used  to  analytically  validate  anthropomorphic  mani- 
kine,  to  check  biomeclianical  models  of  human  re¬ 
sponse  to  *Z  impact  acceleration  with  various  helmet 
mounted  devices,  and  to  help  establish  tolerance 
limits  for  inertial  loading  due  to  euch  eyeteme. 
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Summary. 

In  a  helmet  mounted  display  there  is  a 
trade-off  between  the  binocular  overlap 
of  the  images  presented  to  each  eye  and 
the  total  field  of  view.  It  is  therefore 
desirable  to  see  whether  decreasing  the 
binocular  overlap  (and  thus  making  pos¬ 
sible  a  larger  to^  FOV)  adversely 
affects  performance.  This  paper  reports 
the  results  of  four  experiments  examin¬ 
ing  the  effects  of  different  binocular 
overlaps  upon  performance  on  a  visual 
search  task,  and  the  factors  that  may 
explain  any  differences  in  the  results 
obtained  with  different  overlap  condi¬ 
tions.  The  results  indicated  that  perfor¬ 
mance  was  poorer  in  all  non- 100% 
overlap  conditions,  and  suggested  that 
this  decrement  in  performance  could  be 
explained  by  the  presence  of  depth 
boundaries  introduced  by  a  disparity 
between  the  images  presented  to  each 
eye. 

Introduction. 

The  optimum  field-of-view  (FOV)  for  a 
binocular  HMD  will  be,  to  a  certain 
extent,  task  dependent.  For  some  tasks, 
such  as  visual  search,  a  wide  FOV  is 
likely  to  improve  performance. 

Currently  however,  the  optical  com¬ 
ponents  needed  to  provide  a  wide  bino¬ 
cular  FOV  would  be  too  large  and 
heavy  for  pi  actical  applications  in  the 
military  cockpit.  However,  it  may  be 
possible  to  increase  the  total  FOV 
without  increasing  the  bulk  of  the  opti¬ 
cal  components  by  reducing  the  binocu¬ 
lar  overlap  from  100%  to  a  level  which, 
while  giving  an  increased  FOV,  does 
not  significantly  detract  from  the  pilot’s 
performance  on  visual  tasks.  The 
trade-off  between  FOV  and  binocular 
overlap  is  illustrated  in  Figure  1. 

A  number  of  studies  have  examined  the 
effects  of  different  degrees  of  binocular 


overlap  on  visual  performance.  Kruk 
and  Longbridge  ‘  found  evidence  of  a 
degradation  in  the  detection  of  motion  at 
the  edges  of  a  25  deg  overlao  field.  A 
study  by  Melzer  and  Moffitt  *  suggested 
that  the  binocular  overlap  should  be  at 
least  50%,  providing  this  gives  an  angu¬ 
lar  overlap  of  at  least  20  deg.  Landau  * 
measured  performance  on  a  visual 
recognition  task  to  assess  the  effects  of 
binocular  overlaps  ranging  from  17  to 
47  deg.  They  found  that  performance 
was  markedly  worse  for  a  small  binocu¬ 
lar  overlap. 

The  experiments  reported  in  this  paper 
examine  performance  on  a  visual  search 
task  with  different  degrees  of  binocular 
overlap,  and  examine  possible  explana¬ 
tions  for  the  differences  in  performance 
that  were  found  in  different  conditions. 

Experiment  1. 

The  effects  of  display  binocular  over¬ 
lap  on  visual  search  times:  overlap 
varied  by  adjusting  eyepieces  and 
image. 

Methods. 

A  visual  search  task  was  used  in  which 
the  subjects  were  asked  to  locate  a  V  in 
an  airay  of  Xs.  This  task  was  chosen  as 
the  vi.sual  task  as  it  is  a  relatively  sim¬ 
ple  task,  and  requires  visual  processing 
over  the  whole  search  field.  An  exam¬ 
ple  of  the  search  field  is  presented  in 
Figure  2.  The  search  field  was 
presented  binocularly  with  varying 
amounts  of  overlap  between  the  images 
presented  to  each  eye.  The  images  to 
be  presented  to  each  eye  were  displayed 
on  Barco  "Calibrator"  monitors.  The 
luminance  of  the  light  portions  of  the 
display  was  40  cd  m'^  the  lumi¬ 
nance  of  the  dark  regions  was  3  cd  m'^- 
Apparent  viewing  distance  was  0.6m. 
Subjects  viewed  the  images  dichopti- 


cally  via  a  lens  and  fibre-optic  system. 

In  this  experiment,  the  degree  of  overlap 
was  alter^  by  changing  both  the  angle 
of  the  eyepieces  and  the  position  of  the 
imageiy.  Thus,  with  different  overlaps, 
the  available  FOV  also  changed 
(although  any  extra  FOV  was  not 
used).This  condition  therefore  mimics 
potential  HMD  optical  airangements. 

The  size  of  the  search  field  remained 
constant  across  all  conditions.  The 
method  of  changing  the  oveilap  is  illus¬ 
trated  in  Figure  3.  Before  each  condi¬ 
tion,  subjects  were  presented  with  a 
calibration  display  consisting  of 
coloured  veitical  lines.  The  subjects 
were  instructed  to  adjust  the  eyepieces 
until  the  images  presented  to  the  two 
eyes  were  fused  and  only  one  set  of 
lines  was  visible.  The  lines  were  moved 
over  the  display  for  different  conditions, 
requiring  the  subjects  to  diverge  the 
eyepieces  by  different  amounts  to  allow 
the  fusion  of  the  images.  The  angle  of 
tlie  eyepieces  was  only  changed  in  this 
first  experiment;  in  the  following  three 
experiments  the  eyepieces  were  set  up  at 
the  start  of  the  experiment  and  then 
remained  in  the  same  position  for  all 
conditions  (as  describe  in  the  Methods 
for  Experiment  2).  All  subjects  were 
tested  for,  and  found  to  have,  normal 
stereo  vision. 

Four  conditions  were  tested  and  these 
were  as  follows: 


Overlap 

(appx.) 

Search  field 

1  FOV 

0% 

15.5  deg 

70  deg 

17% 

15.5  deg 

67  deg 

50% 

15.5  deg 

62  deg 

100% 

15.5  deg 

35  deg 

The  different  conditions 

were  presented 

in  a  balanced  order  to  control  for  possi¬ 
ble  order  effects.  There  were  twenty 
trials  in  each  run.  Subjects  were 
instructed  to  look  for  a  V  positioned 
randomly  in  the  array  and  to  press  a 
button  as  soon  as  the  V  was  located. 

As  soon  as  the  subject  had  responded 


the  screen  was  cleared  and  the  subject 
then  had  to  report  in  which  quadrant  the 
V  had  appear^.  This  allowed  a  check 
of  the  response  accuracy  of  the  subjects. 
In  all  the  experiments  reported  in  this 
paper  there  were  almost  no  errors  in  the 
report  of  which  quadrant  the  V  was 
located.  Any  errore  that  occurred  were 
usually  due  to  the  fact  that  the  V  was 
located  very  close  to  a  boundaiy 
between  two  quadrants,  and  the  subject 
had  presumably  misjudged  where  the 
boundary  was.  The  time  taken  to  locate 
the  V,  and  the  quadrant  in  which  the 
subject  reported  the  V  to  be,  were 
recorded.  Eight  subjects  were  tested 
once(20  trials)  in  each  condition. 

Results. 

The  median  search  times  for  all  four 
conditions  are  shown  in  Figure  4.  A 
log  transformation,  follow^  by  an 
analysis  of  variance,  was  applied  to  the 
data.  The  analysis  revealed  a  significant 
(p  <  0.05)  difference  between  the  100% 
overlap  condition  and  all  non-l(X)% 
overlap  conditions.  There  were  no 
significant  differences  between  the  other 
conditions. 

All  subjects  were  able  to  fuse  the  two 
images  in  all  conditions.  There  were  no 
reports  of  diplopia. 

Discussion. 

The  results  suggest  that  there  is  a 
significant  advantage  in  having  100% 
overlap  for  a  visual  search  task.  How¬ 
ever,  the  method  of  varying  the  overlap 
in  this  experiment  meant  that,  in  all 
non- 100%  overlap  conditions,  the  sub¬ 
jects  were  looking  through  the  eyepieces 
off-axis.  This  may  have  resulted  in  a 
certain  amount  of  distortion  of  the 
image,  which  may  have  affected  the 
results  independently  of  the  effect  of 
binocular  overlap.  Image  quality  is  obvi¬ 
ously  an  important  consideration  in  the 
design  of  any  HMD.  Unfortunately, 
with  the  eyepeices  used  in  these  experi¬ 
ments  there  was  a  certain  amount  of  dis¬ 
tortion  around  the  edges,  which,  as  men¬ 
tioned  above,  may  have  had  an  effect  on 
performance.  However,  all  the  follow- 
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ing  experiments  were  designed  so  that 
any  distortion  of  the  image  would  affect 
all  conditions  equally.  The  next  experi¬ 
ment  was  designed  to  address  the  possi¬ 
bility  that  the  poorer  performance  in  the 
non- 100%  overlap  conditions  was  due  to 
differences  in  the  optical  set-up  between 
conditions. 

Experiment  2. 

The  effects  of  display  binocular  over¬ 
lap  on  visual  search  times:  overlap 
varied  by  adjusting  image  only. 

Although  the  results  of  Experiment  1 
suggested  that  performance  on  a  visual 
search  task  was  pool  er  for  all  non- 100% 
overlap  conditions,  this  may  have 
result^  fi'om  the  change  in  the  optical 
configuration  used  to  adjust  the  binocu¬ 
lar  overlap.  Therefore,  in  this  experi¬ 
ment,  the  overlap  was  changed  by 
adjusting  only  the  image;  the  optical 
set-up  remair..“d  the  same  in  all  condi¬ 
tions. 

Methods. 

The  methods  used  were  almost  identical 
to  those  used  in  experiment  1 .  The  only 
difference  was  that  the  binocular  overlap 
was  varied  by  changing  the  position  of 
the  image  only  (as  illustrated  in  Figure 
5).  Thus,  the  optical  anangement  and 
the  total  FOV  was  the  same  in  all  con¬ 
ditions.  The  effects  of  the  same  four 
binocular  overlaps  used  in  Experiment  1 
were  investigated.  Thus  the  four  condi¬ 
tions  tested  were; 
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15.5  deg 
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15.5  deg 

35  deg 

50% 

15,5  deg 

35  deg 

100% 

i:).5  deg 
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All  other  details  of  the  method  were  the 
same  as  those  in  Experiment  1 . 

Results. 
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The  median  search  times  for  all  four 
conditions  are  shown  in  Figure  6.  A 
log  transformation,  follow^  by  an 
analysis  of  variance,  was  applied  to  the 
data.  The  analysis  revealed  a  significant 
(p  <  0.05)  difference  between  the  100% 
overlap  condition  and  all  non- 100% 
overlap  conditions.  The  only  other 
significant  difference  was  between  the 
0%  and  17%  overlap  conditions. 

All  subjects  were  able  to  fuse  the  two 
images  in  all  conditions.  There  were  no 
reports  of  diplopia. 

Discussion. 

The  results  of  this  experiment  suggest 
that  the  poorer  perfoimance  in  the  non- 
1(X)%  overlap  conditions  found  in 
Experiment  1  were  not  due  to  the 
changes  in  the  optical  arrangement. 

Thus  the  results  of  Experiments  1  and  2 
suggest  either  that  having  a  100%  over¬ 
lap  is  inherently  better,  or  that  there  are 
factors  associated  with  non- 100%  over¬ 
lap  that  adversely  affect  performance. 
The  effect  at  this  stage  appears  to  be  an 
all-or-nothing  effect,  as  performance  in 
all  three  non- 100%  conditions  was 
degraded.  However,  performance  in  the 
17%  overlap  condition  was  degraded  to 
a  lesser  extent  than  perfoimance  in  the 
other  non- 100%  overlap  conditions 
(although  still  significantly  worse  than 
100%  overlap).  The  reason  for  this 
difference  is  unclear.  A  number  of  sub¬ 
jects  commented  on  the  salience  of  the 
boundaries  between  the  overlapping  and 
non-overlapping  regions  of  the  displav. 

It  is  possible  that  the  two  narrowly 
spaced  boundaries  in  the  17%  overlap 
condition  might  be  less  disruptive  than 
the  more  widely  spaced  boundaries  in 
the  50%  overlap  condition. 

There  appear  to  be  two  main  reasons 
why  the  subjects  might  be  aware  of  the 
boundaries  between  the  overlapping  and 
non-overlapping  regions.  Some  subjects 
noticed  that  the  overlapping  portion  of 
the  display  appeared  to  be  slightly 
brighter  than  the  non-overlapping  por¬ 
tion.  Also,  many  subjects  reported  that 
the  overlapping  portion  of  the  display 
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often  appeared  to  be  at  a  slightly 
different  depth  to  the  non-overlapping 
portion. 

The  following  two  experiments  were 
designed  to  see  whether  or  not  these 
factois  might  account  for  the  poorer  per¬ 
formance  of  subjects  on  the  visual 
search  task  when  the  display  was  over¬ 
lapped  by  less  than  100%. 

Experiment  3. 

Brightness  matching  of  overlapping 
and  non-overlapping  portions  of  the 
display. 

This  experiment  was  designed  to  see 
whether  the  perceived  mismatch  in 
brightness  between  the  different  regions 
of  the  display  affected  performance  in 
the  non-100%  overlap  conditions.  Sub¬ 
jects  were  thus  able  to  adjust  the  bright¬ 
ness  of  the  overlapping  portion  of  the 
display  until  no  brightness  difference 
was  evident. 

Methods. 

The  search  task  and  methods  were 
identical  to  those  described  in  Experi¬ 
ment  2,  apart  from  the  matching  of  the 
brightness  of  the  overlapping  region  of 
the  display.  Three  conditions  were 
tested.  These  were: 

a)  100%  overlap. 

b)  50%  overlap  -  no  brightness  match¬ 
ing. 

c)  50%  overlap  -  brightness  matching. 

Conditions  a  and  b  were  identical  to 
those  in  Experiment  2.  In  condition  c  , 
before  beginning  the  search  task,  sub¬ 
jects  were  asked  to  adjust  (using  a 
method-of-adjustment  procedure)  the 
brightness  of  the  overlapping  portion  of 
the  display  until  there  appeared  to  be  no 
difference  in  brightness  between  the 
overlapping  and  non-overlapping 
regions.  The  luminance  of  the  match 
made  by  each  of  the  subjects  was 
recorded  as  this  gave  an  indication  as  to 
whether  or  not  there  was  actually  a 


difference  in  the  perceived  brightness  of 
the  overlapping  part  of  the  display  that 
could  be  eliminated  by  adjusting  the 
luminance  of  this  portion 

Fear  subjects  were  tested,  and  each  sub¬ 
ject  repeated  the  three  conditions  four 
times  (20  trials  in  each  condition).  The 
different  conditions  were  presented  in  a 
balanced  order  to  control  for  possible 
order  effects. 

Results. 

The  mean  brightness  matches  made  by 
all  four  subjects  are  shown  in  Figure  7. 
None  of  the  brightness  matches  made  by 
any  of  the  subjects  was  significantly 
different  to  the  (unchanged)  brightness 
of  the  rest  of  the  display.  The  median 
times  taken  to  locate  the  target  V  in 
each  of  the  three  conditions  are  shown 
in  Figure  8.  A  log  transformation,  fol¬ 
lowed  by  an  analysis  of  variance,  was 
applied  to  the  data.  The  analysis 
revealed  a  significant  (p  <  0.05) 
difference  between  the  results  of  condi¬ 
tion  a  and  conditions  b  and  c  ,  but 
no  significant  difference  between  condi¬ 
tions  b  and  c  .  That  is,  performance 
was  similar  in  each  of  the  two  50% 
overlap  conditions  but  performance  in 
both  these  conditions  was  poorer  than 
that  in  the  100%  overlap  condition. 

All  subjects  were  able  to  fuse  the  two 
images  in  all  conditions.  There  were  no 
repoits  of  diplopia. 


Discussion. 

The  variability  of  the  brightness  matches 
and  the  fact  that  none  of  the  matches 
was  significantly  different  from  the  ori¬ 
ginal  value  suggests  that  a  biightness 
difference  i»  u-nlikely  to  be  responsible 
for  the  subjects  poorer  performance  in 
the  non-100%  overlap  conditions.  The 
subject’s  performance  on  the  visual 
search  task  also  suggests  that  a  per¬ 
ceived  brightness  difference  is  not 
affecting  performance;  performance  in 
the  matched  brightness  condition  was  no 
better  than  that  in  the  unmatched  condi¬ 
tion  and  woise  than  that  in  the  100% 


overlap  condition.  It  is  possible  that  the 
observed  differences  between  the  over¬ 
lapping  and  non  overlapping  legions  of 
the  display  (i.e.  perceiv^  differences  in 
brightness  and  depth)  may  both  have 
arisen  as  a  result  of  a  disparity  between 
the  two  images.  A  disparity  between 
the  two  images  may  give  an  impression 
of  depth  and  some  studies^’’  *  have  sug¬ 
gested  that  a  difference  in  the  perceived 
depth  of  two  surfaces  may  also  lead  to  a 
difference  in  perceived  lightness.  It 
should  be  stressed  that  lightness  (the 
apparent  reflectance  of  a  surface; 
independent  of  ambient  illumination)  is 
distinct  from  brightness  (the  amount  of 
light  perceived  to  be  coming  from  a  sur¬ 
face:  dependent  upon  both  reflectance 
and  ambient  illumination).  It  is  possi¬ 
ble,  therefore  that,  as  a  result  of  a  per¬ 
ceived  depth  difference  between  parts  of 
the  display,  the  subjects  were  reporting 
a  difference  in  perceived  lightness  and 
not  brightness.  If  this  was  the  case, 
then  it  is  perhaps  hardly  surprising  that 
in  Experiment  3  the  attempts  to  match 
the  brightness  of  the  different  regions 
had  no  obvious  effect  on  performance. 

The  next  experiment  thus  investigates 
the  second  factor  that  may  have  caused 
the  poorer  performance  in  the  non- 100% 
overlap  conditions;  the  difference  in  per¬ 
ceived  depth  between  the  overlapping 
and  non-overlapping  regions  reported  by 
some  subjects. 

Experiment  4, 

The  effect  of  introducing  depth  boun¬ 
daries  into  a  100%  overlap  display. 

Differences  in  perceived  depth  between 
the  overlapping  and  non-overlapping 
regions  of  the  display  can  arise  as  a 
result  of  a  slight  disparity  between  the 
two  images.  This  depth  difference  is 
particularly  evident  at  the  boundaries  of 
the  two  regions,  and  it  is  these  ’depth 
boundaries’  that  a  number  of  subjects 
commented  on.  If  these  boundaries 
could  be  eliminated  from  tlie  non- 100% 
overlap  conditions  by  eliminating  any 
possible  disparity  between  the  two 
images,  it  would  be  possible  to  see 
whether  the  poorer  perfoimance  in  these 


conditions  is  due  to  the  presence  of 
these  depth  differences.  Unfortunately, 
it  is  virtually  impossible  to  be  certain 
that  there  is  no  disparity  between  the 
two  images.  Even  if  the  apparatus 
could  be  set  up  and  calibrate  in  the 
laboratory  in  such  a  way  that  all  dispar¬ 
ity  between  tlie  two  images  was  elim¬ 
inated,  it  is  quite  possible  that  in  a  pro¬ 
duction  HMD  such  tine  adjustments 
would  not  be  possible.  Also,  it  is  possi¬ 
ble  that  the  two  images  in  a  HMD 
might  become  slightly  misaligned  during 
use.  Finally,  even  if  the  images  within 
a  HMD  could  be  aligned  perfectly,  there 
is  always  the  possibility  of  a  change  in 
the  vergence  angle  of  the  eyes  of  tiie 
pilot  using  the  display.  This,  in  itself, 
would  introduce  a  disparity  between  the 
images.  There  is  a  considerable  amount 
of  evidence  to  suggest  that,  in  the  pres¬ 
ence  of  reduced  stimulation  (in  bright, 
low  contrast,  fields  or  in  darkness),  ver¬ 
gence  and  accommodation  tend  to  lapse 
towvds  ah  intermediate  resting 
state^’*’’  ’**  *'-  It  also  been  suggested 
that  stress  can  affect  vergence*'- 

Thus,  given  the  difficulty  of  eliminating 
all  disparities  (and  the  resultant  depth 
boundaries)  from  the  display  it  is  desir¬ 
able  to  try  and  ascertain  just  what  the 
effect  of  these  disparities  (independent 
of  binocular  overlap)  might  be.  There¬ 
fore,  in  the  following  experiment,  rather 
than  attempting  to  eliminate  the  depth 
boundaries  in  the  non- 100%  overlap 
condition  and  seeing  if  performance 
improved,  boundaries  were  introduced 
into  the  100%  overlap  condition  (by 
introducing  a  known  disparity)  to  see  if 
performance  worsened. 

Methods. 

The  experiment  was  set  up  as  for  the 
IQ0%  overlap  condition  in  experiment 
2,  except  that  the  middle  portion  of  the 
image  presented  to  one  eye  was  shifted 
sideways  (as  illustrated  in  Figure  9). 
This  introduced  a  binoculai'  disparity 
into  the  centre  portion  of  the  display 
when  presented  dichoptically,  giving  it 
the  appearance  of  being  at  a  slightly 
different  depth  to  the  surround  regions. 
Thus,  this  mimicked  in  the  100%  over- 


lap  condition,  the  effect  of  the  depth 
boundaries  which  may  have  been 
present  in  the  non- 100%  overlap  condi¬ 
tions.  The  size  of  the  region  shifted 
sideways  was  such  that  the  depth  boun¬ 
daries  would  be  expected  to  occur  in  the 
same  place  as  those  observed  in  the 
50%-overlap  condition,  to  allow  com¬ 
parison  of  the  two.  It  should  be  noted 
that,  in  this  experiment,  although  there 
may  also  have  been  some  disparity 
between  the  two  images  as  a  result  of 
(for  example)  misalignment  of  the  optics 
(or  vergence  changes)  this  will  appear 
as  a  displacement  in  depth  of  the  whole 
search  held;  boundaries  within  the 
search  held  will  only  arise  as  a  result  of 
the  disparity  deliberately  introduced  into 
one  of  the  images.  Thus  it  was  possible 
to  study  the  effects  of  depth  boundaries 
introduced  as  the  result  of  a  known 
disparity. 

The  effects  of  three  different  disparities 
were  tested.  These  disparities  were: 

a)  0.093  deg. 

b)  0.’ 86  deg. 

c)  0.279  deg. 

Four  subjects  were  tested.  These  were 
the  same  four  subjects  that  took  part  in 
Experiment  3.  Each  subject  repeated 
each  of  the  conditions  three  times. 

There  were  20  trials  in  each  run.  The 
subjects  were  also  tested  at  zero  dispar¬ 
ity  to  ensure  that  their  results  in  this 
condition  were  similar  to  those  obtained 
in  the  100%  overlap  condition  tested  in 
Experiment  3.  The  different  conditions 
were  presented  in  a  balanced  order  to 
control  for  possible  order  effects. 

Results. 

The  results  for  all  four  subjects  are 
shown  in  Figure  10.  A  log  transforma¬ 
tion,  follow^  by  an  analysis  of  vari¬ 
ance,  was  appli^  to  the  data.  The 
analysis  revealed  a  significant  difference 
(p  <  0.05)  in  performance  between  the 
zero  disparity  condition  and  the  two 
larger  disparity  conditions  (0.186  deg. 
and  0.279  deg.).  There  was  no 


significant  difference  between  the  50%- 
overlap  condition  (data  from  Experiment 
3)  and  any  of  the  non-zero-disparity 
conditions. 

All  subjects  were  able  to  fuse  the  two 
images  in  all  conditions.  There  were  no 
reports  of  diplopia. 

Discussion. 

The  results  of  Experiment  4  show  a 
clear  effect  of  introducing  a  disparity 
into  one  portion  of  one  image  of  a  bino¬ 
cular  display.  The  magnitude  of  the 
resulting  decrement  in  performance  is 
sufficient  to  account  for  the  difference 
in  performance  between  the  100%  and 
non- 100%  overlap  conditions  found  in 
previous  experiments.  It  is  possible, 
however,  that  other  factors  may  also 
play  a  part.  These  results  merely  sug¬ 
gest  that  the  effects  of  a  disparity 
between  two  images  could  account 
entirely  for  the  difference  between  the 
overlapping  and  non-overlapping  condi¬ 
tions  -  but  does  not  entirely  rule  out 
other  factors. 

General  Discussion. 

The  experiments  discussed  above  exam¬ 
ined  the  effects  of  different  degrees  of 
binocular  overlap  within  the  central  15.5 
deg  of  the  visual  field,  and  addressed 
some  of  the  possible  causes  for  the 
poorer  performance  of  most  subjects  in 
the  non- 100%  overlap  conditions.  The 
most  likely  cause  of  these  decrements 
seems  to  be  the  possibility  of  depth 
boundaries  occurring  within  the  display 
as  a  result  of  a  disparity  between  the 
two  images.  Although  it  is  possible  that 
other  factors  may  also  contribute  to  the 
observed  decrements  in  performance, 
these  studies  have  demonstrated  that 
introducing  a  disparity  into  the  *wo 
images  can  adversely  affect  search  per¬ 
formance  and  furthennore,  that  introduc 
ing  a  retinal  disparity  into  one  region  of 
the  display  can  reduce  performance  in 
the  100%  overlap  condition  to  a  similar 
level  to  that  observed  in  the  non-100% 
overlap  condirions. 

There  are  two  parameters  in  the  experi- 
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mental  design  in  these  experiments  that 
may  be  different  to  the  set-up  in  a  pro¬ 
duction  HMD.  The  first  is  that  a  rela¬ 
tively  small  seaich  field  (15.5  deg)  was 
used  in  these  experiments.  This  is 
almost  certainly  smaller  than  the  likely 
FOV  for  a  production  HMD.  The  rea¬ 
son  for  this  small  search  field  is  that  it 
allowed  the  subjects  to  view  the  display 
through  the  centre  of  the  optics,  thus 
giving  minimum  distortion  of  the  search 
field.  Also,  the  effects  that  were  being 
studied  (the  effect  of  brightness  and 
disparity  differences)  might  be  expected 
to  be  greater  within  the  central  visual 
field,  and  this  is  adequately  covered  by 
the  display  used.  Presumably  the  effect 
of  these  boundaries  would  be  less  evi¬ 
dent  the  further  away  from  the  central 
visual  field  they  occured,  but  in  any  task 
that  required  a  search  of  the  whole  field, 
such  boundaries  might  be  expected  to 
impair  perfoimance. 

The  second  difference  is  that  the  display 
was  presented  at  an  apparent  distance  of 
0.6m.  Current  head-up  displays  (HUDs) 
are  infinity  collimated,  and  it  seems 
likely  that  HMDs  may  be  set  up  in  a 
similar  way  (although,  given  that  there 
are  sometimes  accomodation  problems 
with  HUDs  the  collimation  of  HMDs 
•should  be  carefully  considered).  The 
reason  for  setting  the  display  up  in  this 
way  is  that  one  of  the  factors  the  experi¬ 
ments  were  designed  to  investigate  was 
the  boundaries  that  may  be  introduced 
by  a  disparity  between  the  two  images. 
As  discussed  earlier,  one  way  in  which 
a  disparity  might  be  introduced  into  the 
image  in  a  HMD  would  be  by  a  shift  in 
the  vergence  angle  of  the  eyes  of  the 
person  using  the  display.  A  number  of 
studies  have  suggested  that,  even  if  a 
display  is  collimated  to  infinity  there 
may  be  a  tendency  for  vergence  and 
accommodation  to  lapse  towards  an 
intermediate  value"  .  particularly 
in  the  absence  of  stimulation  (although 
there  is  some  evidence  that  accommoda¬ 
tion  may  drift  towards  a  resting  level  in 
a  prolonged  search  task  ^)-  The  average 
resting  position  is  approximately  0.6m. 
Thus  0.6m  was  chosen  as  the  viewing 
distance  as  it  was  hoped  that  this  would 
minimise  any  changes  in  accommoda¬ 


tion  during  the  experiment.  It  should  be 
noted,  however,  that,  in  Experiment  4 
where  the  disparity  between  the  two 
images  was  being  investigated,  any 
change  in  eye  vergence,  although  it  may 
have  produced  a  binocular  disparity  over 
the  whole  display,  would  not  have 
affected  the  additional  disparity  intro¬ 
duced  into  part  of  the  display  -  and  it  is 
the  effect  of  this  disparity  that  wa  s 
being  studied. 


Although  the  search  field  used  in  this 
task  was  relatively  small,  it  is  likely  that 
the  presence  of  depth  boundaries  could 
affect  search  performance  in  larger 
displays  and  with  larger  degrees  of 
binocular  overlap,  although  perhaps  to  a 
lesser  degree.  Presumably,  the  effects  of 
depth  boundaries  introduced  by  a  dispar¬ 
ity  between  the  images  presented  to 
each  eye  could  explain  the  poorer  per¬ 
formance  in  all  overlap  conditions  less 
than  100%  but  greater  than  0%.  The 
0%  condition,  however,  cannot  be 
explained  in  this  way,  and  the  results  of 
Experiments  1  and  2  suggested  that  per¬ 
formance  in  this  condition  was  as  bad  as 
that  in  the  other  non- 1 00%  overlap  con¬ 
ditions,  and  significantly  worse  than  the 
100%  overlap  condition.  However,  in 
the  0%  overlap  condition  the  boundary 
between  the  two  halves  of  the  image, 
although  perhaps  not  arising  as  a  result 
of  a  perceived  difference  in  depth,  was 
quite  noticeable  and  there  was  also  a 
tendency,  noted  by  some  subjects,  to 
attempt  to  fuse  points  lying  on  either 
side  of  the  boundary.  Although,  the 
border  in  this  condition  may  be  notice¬ 
able  for  different  reasons  to  those  that 
cause  the  decrements  in  the  other  non- 
100%  overlap  conditions,  the  salience  of 
this  boundary  might  still  affect  perfor¬ 
mance.  For  a  HMD,  having  zero  over¬ 
lap  would  probably  be  unwise  because, 
if  the  boundary  is  visible  at  all,  it  will 
fall  across  the  centre  of  the  display, 
where  it  might  be  expected  to  have  the 
greatest  effect  on  performance. 

In  conclusion,  it  seems  that  in  a  binocu¬ 
lar  display,  such  as  those  proposed  for 
HMDs,  any  disparity  between  the  two 
images  might  lead  to  a  difference  in 


perceived  deptr.  between  overlapping 
and  non-overlapping  regions  of  the 
display.  This  depth  difference  may 
lead,  not  only  to  a  decrement  in  perfor¬ 
mance  on  a  search  task,  but  also  to 
differences  in  perceived  lightness 
between  different  portions  of  the 
display. 

The  stimuli  used  in  these  experiments 
were  relatively  simple  and  were  very 
effective  at  revealing  some  of  the  prob¬ 
lems  that  have  been  discussed  in  this 
paper.  Whether  the  same  problems 
would  be  evident  with  more  complex 
displays,  such  as  those  that  might  be 
us^  in  pioduction  HMDs,  remains  to 
be  seen.  However,  the  problems  dis¬ 
cussed  above  should  certainly  be 
addressed  in  the  design  of  any  HMD. 
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Field-of-view 


Overlap 


Fig.  1,  An  illustration  of  the  trade-off  between  binocular  overlap  and  field-of-view. 
The  broken  circle  illustrates  the  view  presented  to  one  eye.  the  solid  circle  the  view 
presented  to  the  other  eye.  The  upper  diagram  illustrates  the  field  of  view  resulting 
from  a  large  (almost  100%)  binocular  overlap.  The  lower  diagram  illustrates  the  rela¬ 
tively  larger  field-of-view  that  can  be  obtain^  by  reducing  the  degree  of  binocular 
overlap. 
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Fig.  2.  An  example  of  the  search  field  used  in  all  four  experiments.  The  subjects  task 
was  to  locate  the  single  V  target  in  an  array  of  this  nature. 
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Binocular  overlap 
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Fig.  6.  Median  search  times  (mean  of  eig'it  subjects)  for  four  different  binocular  over¬ 
laps  in  Experiment  2. 


Subject 


Fit.  7.  Mean  brightness  matches  made  by  all  four  subjects  in  Experiment  3.  Lumi- 
ntmee  values  aie  for  the  matched  portion  of  the  image  before  superim^ition.  40  cd 
m''^  was  the  brighMss  of  the  non-oveilapped  portion  of  the  display.  Thus  a  match 
value  of  40  cd  m'^  indicates  that  the  subject  did  not  perceive  any  ^fference  in  bright¬ 
ness  between  the  averlapping  and  non-overlapping  pemions  of  the  display.  Any  vriue 
less  than  40  cd  m'^  indfcaies  that  the  subject  perceived  the  overlapped  p^on  of  the 
display  as  brighter  than  the  non-overlapp^;  a  value  greater  than  40  cd  m~^  indicaiei 
that  the  subject  peiceived  the  overlappM  portion  to  be  dimmer  than  the  non- 
overlapped  portion. 
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Condition 

Fig.  8.  Median  search  times  (mean  of  four  subjects)  in  Experiment  3.  a.  100%  over¬ 
lap.  b.  50%  overlap  -  no  brightness  matching,  c.  50%  overlap  -  brightness  match¬ 
ing. 
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Fig.  9.  Images  presented  in  E.xpcriment  4.  The  array  of  Xs  between  the  broken  lines 
was  shifted  to  one  side  to  give  a  binocular  disparity  betw-een  that  portion  of  the  two 
images. 


Fig.  10.  Median  search  times  (mean  of  four  subjects)  in  Experiment  4.  a.  Zero  dispar¬ 
ity.  b.  0.093  deg  disparity,  c.  0.186  deg  disparity,  d.  0.279  deg  disparity,  e.  50% 
overlap  condition  (data  from  Experiment  3.)  to  allow  comparison  between  overlap  and 
disparity  conditions. 
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RESUME :  La  vision  en  champ  visual  limits  deviant  da  plus  an 
plus  frdquanta  avec  I’amploi  da  svst^mas  optroniques  montds 
sur  la  casqua.  Las  consequences  da  la  restriction  du  champ  de 
vision  sur  les  caracteristiques  de  la  coordination  oeil-t4te  ont 
ete  etudides  pendant  une  t4che  d’orientation  vers  une  cible 
ponctuelle  axcantrea.  Trois  tailles  de  champ  binoculaires  sont 
testdes  (20°,  70°  et  Champ  libra). 

Une  cible  ponctuelle  est  projetde  sur  un  dcran  circulaira  duns 
un  plan  horizontal  passant  par  les  yeux  du  sujet.  Cette  cible  est 
prisentde  avec  3  difttrentes  excentricitis  :  45°,  67°et  85°.  Les 
tests  sont  mends  selon  deux  modes :  prdvisible  et  semi-prdvisi- 
ble,  oD  seule  la  latdralitd  (k  gauche  ou  k  droite)  est  indiqude. 
La  non  prdvisibilitd  rallonge  les  latences  d’acquisition.  Elle 
s’accompagne  d'une  augmentation  du  nombre  de  saccades  de 
rewrd.  La  vitesse  moyenne  du  regard  mais  aussi  les  vitesses 
Crete  pendant  les  saccades  semblent  4tre  maintenues  constan- 
tes  au  moyen  d'un  ajustement  ccntinu  des  viiesses  oeil  et  tdte. 
La  limitation  de  I'amplitude  des  saccades  oculaires  tide  k  la 
restriction  de  vision  n'est  pas  compensde  par  une  utilisation  de 
tout  le  champ  disponible.  SeuI  I'hemi-champ  visuel  ipsi-iatdral 
au  ddplacement  est  en  gdndral  utilisd. 

En  conclusion,  les  rdsultats  montrent  que  la  restriction  du 
champ  de  vision  modifie  les  coinportements  moteurs  impli- 
quds  dans  la  coordination  oeil-tdte,  surtout  lorsque  I’emplace- 
ment  de  la  cible  n'est  pas  prdvisible.  La  connaissance  des  mdca- 
nismes  mis  en  jeu  peut  dvcntuellement  contribuer  ^  I'optimisa- 
tion  de  I’emploi  des  dispositifs  optroniques  momds  sur  casque. 


La  gdndralisation  de  I’emploi  des  aides  &  la  vision  portds  sur  le 
casque,  et  des  interfaces  Homme-Machine  fondds  sur  des  dis¬ 
positifs  optroniques  coordonnds  aux  systdmes  d’armes  va  en- 
tratner  pour  les  personnels  une  situation  de  travail  en  condi¬ 
tion  de  vision  avec  un  champ  limitd.  Cette  limitation  du  champ 
de  vision  aiiieiic  des  perturbations  importantes  de  I'organisa- 
tion  des  mouvements  oeil-tdte  et  sollicite  fortement  la  plastici- 
td  des  sous-systdmes  impliquds  dans  la  coordination  oei.l-tite 
(GAUTHIER  et  coll.,  1987). 

L'orientation  du  regard  vers  une  cible,  mettant  en  jeu  simulta- 
ndment  un  mouvement  des  yeux,  de  la  ttte  et  quelquefois 
mime  de  tout  le  corps  est  un  comportement  banal.  Les  niodi- 
les  classiques  de  l’orientation  visuelle  proposent  que  le  con- 
trble  du  mouvement  soit  guidd  par  I’erreur  rdtinienne  entre  la 
position  de  I'image  sur  la  rdtine  pdriphdrique  et  la  fovda.  Plus 
rdcemment,  certains  auteurs  (BECKER  et  coll,,  1981;  GUIT- 
TON  et  VOLLE,  1987)  ont  proposd  I’existence  d’un  contrble 
prdprogrammd  du  mouvement,  arguant,  en  particulier,  du 
problime  de  l’orientation  vers  une  cible  non  \nsible,  car  trap 
excentrde  au  moment  de  I’initiation  du  mouvement.  La  limita¬ 
tion  de  champ  visuel  amine  une  situation  expdrimentale  sus¬ 
ceptible  d’intervenir  directement  dans  la  stratd^ie  de  pointage 
vers  une  cible  invisible  au  ddpart,  dont  U  position  est  plus  ou 
moins  connue. 

Les  thdories  de  I'attention  visuelle  (BUNDESEN,  1990)  mon¬ 
trent  qu’une  information  prdalable  sur  la  localisation  d’une 
cible  permet  au  sujet  d’augmenter  sdlectivement  son  niveau 
d’attention  sur  tout  didment  situd  dans  la  zone  ddsignde.  De  ce 
fait,  I’information  prdalable  de  localisation  de  la  cible  permet 
d’augmenter  la  precision  du  geste  et  diminue  la  latence  d’exd- 
cution.  Inversement,  une  information  prdalable  incorrecte 
ddgrade  la  performance  du  sujet. 

Dans  un  article  prdeddent  (SANDOR  et  LEGER,  1990),  a  dtd 
mis  en  dvidence  I’effet,  sur  une  tSche  de  poursuite  d’une  cible 
ponctuelle  au  mouvement  prdvisible,  de  3  amplitudes  (20°,  70° 
et  champ  plein)  de  champ  visuel. 

La  prdsente  dtude  avmt  pour  objectif  de  tester  les  effets  des 
mdmes  valeurs  d’amplitude  du  champ  de  vision  dans  une  tflche 
d’orientation  vers  une  cible  latdralement  excentrde. 

•Now  at  SEXTANT- A  vionique.  Rue  Toussant  Castros,  BP  y  1 , 
33166  St  Medard  en  Jallcs,  Cedex. 


Brdtigny  sur  Orge  (France) 


La  plate-fornie  expdrimentale  est  identique  k  celle  ddcrite  an- 
tdneurement  (SANDOR  et  LEGER,  WO) : 

Une  cible  ponctuelle  rouge  (1/4°  environ)  est  projetde  par  un 
.systdme  I^iser  Hdlium-Ndon  sur  un  dcran  hdmisphdrique  de 
1,80m  de  diamdtre.  Le  sujet  est  assis  sur  un  sidge  fixe  et  est 
fermement  maintenu  par  un  harnais  thoracique.  Sa  tdte  est  au 
centre  de  I’dcran  hdmisphdrique.  La  cible  est  projetde  sur 
I’dcran  dans  le  plan  horizontal  passant  par  les  yeux  uu  sujet. 

Dispositif  de  tdte  :  II  comprend  les  systdnie  de  mesure  et  de 
restriction  du  champ  de  vision  ; 

Le  sujet  porte  une  coquille  plastique  adaptde  au  erdne  par  du 
tissu  chardon.  Au  sommet  est  fute  un  potentiomdtre  relid  au 
sidge  par  un  mdcanisme  de  cardans.  SeuI  le  mouvement  de 
rotation  de  la  tdte  autour  de  I’axe  vertical  est  mesurd.  Les 
mouvements  oculaires  horizontaux  sont  mesurds  par  Elcctro- 
Oculo-Graphie  classique. 

Un  dispositif  de  restriction  visuelle  binoculaire  est  installd  sur 
des  lunettes  d’essais;  trois  tailles  de  champ  sont  testdes  (20°,  70° 
et  Champ  libre  oil  le  sujet  ne  porte  pas  de  lunettes). 

2.2  Protocole 

Sqjets ! 

8  sujets  ont  participd  k  I’expdrience.  Un  sujet,  myope,  est 
corrigd  par  le  port  de  lentilles  corndennes  souples  depuis 
plusicurs  anndes.  Tous  les  autres  ont  une  acuitd  visuelle  10/ 1 0. 

TAche  expdrimentale : 

II  s’agit  d’une  iSclie  dcclenchde  de  precision  de  pointage  du 
regard.  Le  sujet  revolt  un  signal  prdparatoire,  verbal,  apportant 
une  information  prdalable  ddpenoant  de  la  condition  expdri¬ 
mentale,  puis  un  signal  de  rdponse  visuel  et  auditif,  qui  indique 
au  sujet  de  pointer  sor  regard  le  plus  rapidement  possible. 

Conditions  expdrimentales : 

Deux  conditions  expdrimentales  sont  proposdes,  portant  sur 
Tinformation  prdalable  continue  dans  le  signal  prdparatoire; 

-  Condition  prddictive :  le  message  verbal  informe  le  sujet 
de  la  latdralitd  (Gauche  ou  Droite)  et  de  I’excentricitd  de  la 
position  de  la  cible  quand  sera  ddclenchd  le  signal  de  rdponse 

ui  vasuivre.  3  valeurs  d’excentricitd  seulement  sont  possibles, 
5°.  67°  et  85°,  mdmorisdes  par  le  sujet  au  cours  de  sdances  d’en- 
tralnement  prdalablement  aux  essais. 

-  Condition  non  prddictive :  le  message  verbal  n'informe 
ue  sur  la  latdralitd.  Aucune  indication  d'cxcentricitd  n’est 
onnde,  parmi  les  trois  possibles. 

Chacune  des  3  tailles  de  champ  visuel  fait  I'objet  d’une  session 
expdrimentale. 

Consignes  expdrimentales : 

En  position  initiate,  le  sujet  regarde  devant  lui  une  LED  rouge 
qui  indique  ia  position  Cf’.  Le  signal  prdparatoire  est  envoyd. 
Dans  un  ddlai  variable  aldatoirement  entre  2  et  4  s,  le  signal  de 
rdponse,  associant  extinction  de  laLED  centrale  et  Bip  sonore, 
indique  au  sujet  d’cxdcuter  la  tAche  de  pointage. 

Chaque  sujet  effectue  6  sessions  expdrimentales.  Chaque  ses¬ 
sion  voit  la  succession  aldatoire  de  pointages  selon  2  latdralitds 
(Gauche  ou  droite)  et  3  excentricitds  (45°,  67°,  85°);  chaque 
configuration  dtant  rdpdtde  4  fois,  une  session  com,  orte  24 
essais. 
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a.  RESmiATS 

3.1  Influence  de  I'information  prfalaMe  sur  les  l&ten- 

ces  d’acquisition. 

L’ensemble  des  r6sultats  concernant  le  mouvement  de  la  tite 
et  de  I’oeil  est  caract6ris6  par  une  grande  variability  inter  et 
intra-individuelle.  Toutefois,  certames  caractiristiques  peu- 
vent  ytre  expos^es  La  condition  champ  visuel  complet  est  ici 
prise  comme  condition  de  ryKrence. 

Les  diffyrents  tracys  prysentent,  en  fonction  du  temps,  le  dy- 
placement  de  la  tyte  (t)  par  rapport  k  la  piice  d'expynence,  de 
t'oei.1  (o)  par  rapport  au  crftne,  et  par  construction  oeil  -t-  t^te, 
du  regard  (r)  par  rapport  It  la  piice. 

La  figure  i  prysente  unexemple  d’urientation  en  mode  prydic- 
tif.  Que  la  able  soit  peu  excentrye  (figure  la)  ou  tris  excentrye 
(figure  lb),  le  positionnement  du  regard  est  quasi  direa.  Une 
saccade  oculaire  initie  le  mouvement  du  regard  200  ms  environ 
apris  le  signal  de  ryponse  (qui  coincide  avec  le  dybut  du  tracy). 
Le  mouvement  de  la  tite  debute  SO  ms  aprys  celui  des  yeux.  ll 
se  produit  alors  une  immobilisation  rapide  de  I’oeil,  dont  la  po¬ 
sition  marque  un  plateau  (plus  appuve  sur  la  fiwre  lb),  tandis 
que  le  regard  (sommation  oeil  -f  tytel  reste  mobile  et  conserve 
une  vitesse  quasi  stable  (caractyrisee  par  la  pente  du  tracy). 
Quand  le  regard  arrive  aux  abords  de  la  position  mymorisye  de 
la  cible,  sa  stabilisation  est  assurye  par  le  ryflexe  vestibuloocu- 
laire  (VOR),  jusqu’H  I’inunobilisation  de  la  tyte. 

La  variability  interindividuelle  des  stratygies  d’orientation  est 
accrue  en  cas  d’incertitude  de  la  position  attendue  de  la  cible. 
La  figure  2  montre,  chez  deux  sujets  diffyrents,  la  stratygie 
adoptye  pour  atteindre  une  cible  situye  4  67°.  L’un  (figure  2A) 
procyde  par  saccades  de  regard  successives  similaires  en  durye, 
amplitude  et  vitesse  maximale.  La  vitesse  de  la  rotation  de  tyte 
est  basse  (50°/s)  et  presque  constante.  Le  tracy  oculaire  mon¬ 
tre  un  retour  de  I’oeil  4  la  position  (f  entre  chaque  saccade;  ce 
retour  semble  14  aussi  conduit  par  le  VOR.  Le  gateau  observy 
entre  la  24me  et  3  yme  saccade  de  regard  est  positionnye  4  45°, 
qui  est  une  des  trois  position  possibles  de  la  cible;  la  demiyre 
saccades  est  directye  sur  la  cible  4  67°.  Le  dypart  des  mouve- 
ments  oculaires  et  cyphaliques  sont  simultanys,  300  ms  aprys  le 
signal  de  ryponse.  L’autre  sujet  procide  diff6rcmmcnt.  Son 
regard  va  directement  en  position  67°,  position  intermydiaire 
parmi  celle  proposye.  Sur  la  figure  2b,  forientation  est  directe 
vers  67°.  Une  unique  saccade  oculaire  de  4  4  5°  vient  parfaire 
le  positionnement  du  regard.  Quand  ce  myme  sujet  (bgure  2c) 
procyde  vers  une  cible  non  prydictive  situye  445  ,  il  la  dypasse 
et  exycute  une  saccade  oculaire  centripyte  trys  prycise  de  20° 
environ.  Chez  ce  sujet,  les  latences  au  dymarrage  sont  de 
250  ms  pour  I’oeil  et  300  ms  pour  le  tyte.  Le  plateau  du 
mouvement  du  regard  dure  400  ms  avant  la  saccade  de  coirec- 
tion.  Aprys  immobilisation  du  regard  sur  la  cible,  14  encore,  le 
VOR  assure  le  contrOle  final  du  pointage  pendant  que  la 
rotation  de  la  tyte  s’achyve. 

3.2  Influence  de  la  restriction  du  champ  de  vision  sur 

la  coordination  oeil-tyte 

II  apparait  14  ygalement  une  grande  diversity  de  comporte- 
ment  entre  les  sujets,  en  particulier  dans  le  nombrc  des  sacca¬ 
des  oculaires  produites.  Toutefois,  il  semble  que  chaque  sujet 
se  tienne  4  une  stratygie  particuUyre  et  en  change  peu. 

3J.1  En  mode  prydlctif 

Sur  la  figure  3  est  prysenty  un  exemple  de  la  stratygie  employye 
par  la  plupart  des  sujets  pour  les  trois  diffyrentes  cxcentricitys 
(figure  3a  :  45°;  figure  3b  ;  67°;  figure  3c  :  85°)  quand  ils  dis- 
posent  d'un  champ  de  vision  trys  ytroit  (20^).  Les  traits  en  poin- 
tiliy  indiquent  le  dyplacement  des  limites  du  champ  visuel  dis- 
ponible.  II  est  reconstruit  4  partir  du  tracy  de  la  tyte,  augmenty 
et  diminuy  de  la  valeur  de  la  restriction  appliimye  (ici  10°).  II 
apparait  clairement  que,  dans  les  premieres  50  ms  aprys  le 
dybut  du  mouvement,  le  regard  est  dirigy  hors  du  champ  de 
vision  disfmnible,  oil  il  reste  pendant  200  ms  environ.  Quand  le 
regard  arrive  aux  alcntours  de  la  position  de  la  cible,  il  repasse 
4  nntyrieur  du  champ  disponible.  A  ce  moment  le  sujet  exycute 
une  ou  deux  saccades  oculaires  visuellement  guidyes. 

Quand  le  champ  disponible  s’yiargit  4  70“  (figure  4),  les  carac- 


tyristiques  de  la  coordination  oeil-tyte  sont  peu  modifiyes.  Le 
regard  passe  cependant  rarcment  hors  du  champ  disponible, 
mais  le  dyiai  d'acquisition  de  la  cible  est  lygyrement  raccourci. 

32i  En  mode  non-prydictif 

L’absence  de  pryvisibility  de  la  cible,  associye  4  la  restriction 
visuelle,  transiorme  profondyment  les  stratygies  dyployyes  par 
les  sujets.  La  figure  5  montre  un  exemple  d’orientation  vers  un 
cible  excentrye  4  85°,  quand  le  sujet  dispose  de  20°  de  champ. 
Le  regard  montre  une  succession  trys  rapide  de  saccades  entre- 
coupees  de  plateaux  trys  bref,  de  80  4 120ms.  Chez  ce  sujet,  seui 
le  champ  oculaire  ipsi-laidral  au  dyplacement  vers  la  cible  est 
utilisy  pendant  les  saccades.  Ce  point  est  fiyquent  dans  notre 
expyrimentation,  mais  non  systymatique.  Le  regard  reste  dans 
le  champ  de  visibility,  sitdt  que  son  dyplacement  exeyde  20°.  La 
vitesse  moyenne  du  regard,  caracty  risye  parlapenteglobaledu 
tracy,  reproduit  les  variation  du  dyplacement  de  la  tyte.  Tou¬ 
tefois,  la  vitesse  pic  pendant  chaque  saccade  oculaire,  semble 
rester  dans  le  myme  domaine,  ce  qui  indique  que  la  vitesse 
oculaire  maximale  pendant  la  saccade  est  en  rapport  avec  ia 
vitesse  de  la  tyte.  Le  dyiai  d’acquisition  de  la  cible  dypasse  1  s. 

L’exemple  de  ce  sujet  est  caractyrisy  par  un  nombre  trys 
important  de  saccades  oculaires.  Les  autres  sujets  prysentent 
les  mymes  caraayristiques,  mais  exycutent  moins  de  saccades 
(5  au  maximum). 

Quand  le  champ  visuel  augmente,  les  sujets  peuvent  ytre  carac- 
tyrisds  selon  qoils  utilisent  ou  non  le  champ  disponible.  Sur  la 
figure  6a  (champ  disponible  70°),  le  sujet  procyde  comme  s’il 
ntivait  que  20°  de  disponible.  Sur  la  figure  6b,  cet  autre  sujet 
utilise  au  contraire  une  part  plus  importante  du  champ  dispo¬ 
nible;  aucun  des  sujets  dans  cette  condition  non  prydictive 
utilise  tout  le  champ  disponible.  Le  dyiai  d’acquisition  reste 
trys  supyrieur  4  celui  observy  en  condition  champ  libre. 

Lja figure  7  prysente  un  tracy  ofi  le  sujet  a  manquy  sa  cible.  C’est 
un  exemple  de  comportement  de  recherche,  associant  sacca¬ 
des  et  pyriodes  d’arryt  du  regard,  couplant  les  mouvements  de 
I’ocil  et  de  la  tyte  par  un  mecanisme  apparenty  au  VOR. 

DISCUSSION 

Le  typede  tracy  observy  en  condition  prydictive  (figure  1)  a  yty 
le  plus  .souvent  dycrit  dans  le  cas  d’orientation  vers  des  cibles 
peu  excentryes  (<40°)  (BIZZI  et  coll.,  1981;  ROUCOUX  et 
coll.,  1981).  Le  contr6le  final  du  mouvement  est  assury  par  le 
VOR.  Le  plateau  observy  dans  le  mouvement  oculaire  (figure 
lb)  correspond  4  unephase  de  mobility  du  regard,  porty  par  le 
mouvement  de  tyte.  L’explication  du  contrbte  de  cette  phase 
est  controversye,  certains  auteurs  pensent  4  une  suppression, 
d’autres  4  une  inhibition  du  VOR.  Le  contrdle  initial  n’est  pas 
basy  sur  I’erreur  rytinienne,  la  cible  ytant  invisible  au  dypart. 
La  rapidity  de  positionnement  du  regard  aux  abords  de  la  cible 
repo.se  sur  une  pryprogrammation  du  mouvement  (BECKER 
et  coll.,  1981).  La  prycision  et  I’absence  d’hypomytrie  des 
saccades  successives  observyes  figure  2a  peuvent  ytre  rappro- 
chyesde  leurs  observations. 

Les  modifications  de  la  coordination  oeil  tyte  observyes  en 
condition  non  prydictive  dypendent  du  choix  stratygiquc  du 
sujet.  Le  tracy  observy  en  fi^re  2b  conforte  I’opinion  souvent 
admise  de  I’hypomytrie  (10%  environ)  de  la  premibre  saccade 
d’orientation,  suivie  par  une  saccade  de  correction  fPRA- 
BLANCet  coll.,  1978).  Dans  le  protocole  suivi,  la  position  de 
la  cible  ne  peut  avoir  que  trois  valeurs.  La  pryprogrammation 
du  mouvement  semble  probable.  La  saccade  oculaire  de  cor¬ 
rection.  de  grande  amplitude  et  en  sens  opposy  4  la  premibre 
saccade,  observye  figure  2c  est  ptbeydbe  par  un  long  plateau  de 
la  position  du  regard.  Cette  durbe  pourrait  refiyter  un  temps 
minimal  pour  les  mbcanisines  de  pnse  d’information  et  de  de¬ 
cision,  en  particulier  libs  au  changement  d’hymisphbre  ebry- 
bral  (KAPOULA  et  ROBINSON,  1986).  Ces  auteurs  ont  mon- 
trb  I’existence  d’un  contrAle  prbeis  de  I’amplitude  de  la  sac¬ 
cade,  dependant  du  sens  et  de  I’amplitude;  Une  saccade  centri- 
pbte  est  d’autant  plus  prbeise  qu’elle  est  large.  Pour  une  sacca¬ 
de  centrifuge  la  precision  est  maximale  pour  des  saccades  de  6° 
d’amplitude  environ,  en  deg4  la  saccade  est  hypermb trique,  au- 
deI4  nypombtrique.  Les  saccades  de  correction  visuellement 
guidbes  nbeessitent  aussi  I’aimulation  des  saccades  prbpro- 
graiombes,  d'oii  une  augmentation  des  latences.  Toutefois  en 
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condition  tfetc  librc,  lacontroverse  demeure  quant  au  contrdle 
des  saccades  de  regard.  Pour  ROUCOUX  et  coll.  (1981),  le 
contrdle  vers  une  cinle  situde  hors  du  domaine  du  champ  ocu- 
lomoteur  est  ba.s4  .sur  I’hypothise  de  la  suppression  du  VOR 
pendant  la  saccade.  Cette  liTOOthdse  est  tr6s  unanimement  ac- 
ceptde  aujourd’hui,  et  les  etudes  les  plus  r^centes  sur  les  as¬ 
pects  neuronaux  de  la  coordination  oeil-t4te  la  confirment 
(PARE  et  GUITTON,  1990).  Nos  rdsultats  montrent  cepen- 
dant  I’importance  de  la  tflche  assignie  sur  le  mode  du  contrdle 
du  d^lacement  du  regard.  Cet  aspect  ilargit  les  observations 
de  BECKER  (1989),  qui  souligne  Vimportance  des  conditions 
de  diclenchement  o'une  saccade  sur  ses  caractdristit^ues.  Dans 
nos  conditions  expirimcntales,  le  VOR  demeure  actif  pendant 
la  saccade  quand  le  champ  visuel  est  r6duit,  et  d'autant  plus  que 
la  position  de  la  cible  est  inconnue  au  ddpart  du  mouvement. 

II  apparalt  done  que.  comme  le  souligne  STEIMAN  et  coll. 
(1990),  r^tude  des  mouvements  de  coordination  oeil-tfite  met 
en  ieu  des  micanismes  oO  I’influence  de  I’aspects  cognitif  de  la 
tdene  est  primordial.  Ce  point  semble  prendre  encore  plus 
d’importance  en  riduisant  le  champ  de  vision.  II  semble  exister 
dans  notre  dtude  au  moins  deux  types  de  sujets :  les  uns  ont  un 
comportement  de  scanning  rapide,  avec  persistance  de  I'effet 
moddrateur  de  VOR  sur  I'amplitudc  de  la  saccade.  Chez  ces 
derniers,  I'utilisation  prdfdrentielle  de  rhdmi-champ  orbitaire 
ipsi-latdral  au  sens  de  la  saccade  est  i  rapprocher  des  observa¬ 
tion  de  couplage  de  la  commande  nerveuse  des  muscles  oculo- 
moteurs  et  des  muscles  rotateurs  de  la  tSte  (ANDRE-DES- 
HAYS  et  coll,  1989,  1991).  Au  contraire  les  .sujets  ayant  un 
comportement  basd  sur  le  <<pari»  sur  la  position  de  la  cible,  ont 
un  comportement  plus  «rdfldchi».  Sur  le  plan  des  mdeanismes 
neurophysiologiques  impliquds,  cette  dualitd  dans  le  mode  de 
commande  des  mouvements  d’orientation  du  regard  a  dtd 
proposdes  par  PAILLARD  (1987)  et  plus  rdeemment  par 
PIERROT-DESSEILLIGNY  (1989).  Deux  zones  cdrdbrales 
seraient  impliqudes,  les  champs  oculoinoteurs  frontaux  (Fron¬ 
tal  eye  field  FEF)  et  le  Superior  Colliculus  (SC).  L'activation 
des  champs  frontaux  seraient  cssentiellement  sous  influence 
de  la  stimulation  fovdale,  tandis  que  l'activation  colliculaire 
serait  sous  influence  de  la  rdtine  pdriphdrique.  La  restriction 
du  champ  de  vision,  outre  la  §dne  dans  la  prise  d’information 
qu’elle  entraine  dans  I'acquisition  des  informations  visuelles, 
serait  une  entrave  au  mdcanisme  mdme  de  I’orientatiori  du 
regard.  Cet  aspect  a  dtd  dvoqud  rdeemment  par  SIVAK  et  Me 
K&NZIE  ( 1990),  dans  I'dtudc  du  pointage  du  bras  en  condition 
de  restriction  visuelle. 
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ASPECTS  PRATIQUES 

La  restriction  du  champ  de  vision  6tant  une  condition  op6ra- 
tionnelle  frdq^uemment  rencontr6e,  I'une  des  demandes  ma- 
jeures  des  uiuisateurs,  en  dehors  du  contenu  informationnel 
qui  peut  £tre  apport6par  les  difKrents  visuels,  est  I'agrandisse- 
ment  du  champ  visuel  disponible.  En  dehors  des  problimes  de 
coilt  que  la  satisfaction  d'une  telle  demande  entraine,  il  appa- 
rait  intdressant  de  constater  la  iris  grande  diversity  avec 
laquelle  les  sujets  rdagissent  aux  variation  de  taille  du  champ. 
Si  on  ne  se  preoccupe  que  de  I'utilisation  du  cliamp  dventuel- 
lement  accru,  il  semble  que  les  sujets  n'utilisentpas  de  maniire 
optimale  le  champ  propose.  Toutefois,  le  dernier  point  soule- 
ve,  quant  6 1'importance  du  champ  visuel  p6riph6riquc  dans  les 
mdeanismes  mdmes  du  contrdle  de  I'urientation  du  regard, 
montre  1'importance  du  contenu  informationnel  concernant  la 
cible  ddsignde.  Ouand  ce  contenu  est  appauvri  (situation  ten- 
due,  charge  de  travail  dievde),  I'obligation  d'agir  en  champ 
visuel  trds  rdduit  peut  prendre  une  importance  que  I'usage  en 
condition  «ddtendue»  ne  taisse  pas  prddire. 

CONCLUSION 

L'absence  d'information  prdalable  sur  la  position  d'une  cible 
modifie  profonddment  les  coordinations  oeil-tdte  tnises  en  jeu. 
Les  chou  de  stratdgle  d'orientation  varient  scion  le  sujet.  La 
restriction  du  champ  de  vision  modifie  profonddment  les  stra- 
tdgies  d’orientation  employdes.  Mdme  en  champ  trds  restreint, 
les  sujets  n’emploient  pas  toute  I’intdgralitd  du  champ  disponi¬ 
ble.  L’diargissement  du  champ  &  70°  s’accompagne  chez  la 
plupart  des  sujets  d’une  augmentation  moddrde  du  champ  ocu- 
lomoteur.  La  restriction  du  champ  de  vision  pourrait  agir  sur 
deux  niveaux,  I’un  par  la  limitation  de  I’information  visuelle, 
I’autre  par  Taction  directe  sur  les  mdeanismes  du  contrdle  de 
Torientation  du  regard. 
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Figure  1 ;  Orientation  vers  une  cible  memortSM  aveo  information  prealable  oe  position 
(0  position  oe  I'oeii  cans  I’ororte;  t  position  oe  ia  tete  et  r  position  du  regard 
par  rapport  a  la  pitee  d'experience) 


500  ms 


Figure  2  ;  Orientation  vers  une  cible  memorise  sans  information  prealable  de  position 

(Legende  identique  a  figure  1 ) 


FIGURE  3  :  Exemples  de  coordination  oeil-tete  en  mode  predictif 
et  20°  de  champ  de  vision  disponible  pour  3  differentes  excenticites 
dc  cible  (fig .'a  :  ^5°;  fig 3b  ;  67°;  fig 3c  :  85°) 


o 


FIGURE  4  :  Exemple  de  coordination  oeil-tete  en  mode  predictif 
et  70°  de  champ  dc  vision  disponible. 


FIGURE  5  :  Exemple  de  coordination  oeil-tete  en  mode  non  predictif 
et  20°  de  champ  de  vision  disponible. 
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FIGURE  6a  :  Exemple  de  coordination  oeil-tete  en  mode  non 
predictif  et  70°  de  champ  de  vision  disponible.  Le  sujet  n’utilise 
qu’une  partie  du  champ  disponi  jle 


FIGURE  6b  :  Exemple  de  coordination  oeil-tete  en  mode  non 
predictir  et  70°  de  champ  de  vision  disponible.  Le  sujet  utilise 
plus  largement  le  champ  disponible. 


FIGURE  7  :  Exemple  de  coordination  oeil-tete  en  mode  non 
predictif  et  champ  de  vision  complet.  Le  sujet  procede  4  une 
serie  de  saccades  oculaires.  On  note  que  le  mouvemeni  de  la 
tete  est  tres  faible  tant  que  le  regard  n’est  pas  encore  pose  sur 
la  cible. 
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SUMMARY 

Five  experienced  fighter  pilots  flew 
a  simulated,  night  attack,  pop-up  bomb 
delivery,  with  a  flight  simulator  that 
had  a  head-mounted  display.  The  mission 
was  conducted  with  an  aircraft-fixed 
forward  looking  infrared  senso/  (FI.IR)  or 
a  head-steered  FLIR.  With  the  head- 
steered  FLIR,  the  sensor  image  was  viewed 
on  a  helmet-mounted  display,  whereas  the 
aircraft-fixed  FLIR  was  presented  or  a 
HUD.  With  both  types  of  sensor,  the  FOV 
with  which  the  subjects  could  see  ♦■ne 
outside  world  was  varied  from  20  to  80 
degrees.  The  purpose  of  the  experiment 
was  to  explore  the  mechanisms  by  which 
f ield-of-view  (FOV)  size  may  affect 
performance,  and  to  provide  data  for  the 
determination  of  the  minimum  FOV  size  for 
helmet-mounted  displays  (HMDs).  With  a 
head-steered  sensor,  subjects  acquired 
the  targets  earlier  in  the  mission  (7.88 
sec  after  pop-up  vs  13.8c.  sec),  and 
released  their  bomb  at  a  higher  altitude 
(108^!  vs  902  ft).  Increasing  the  size  of 
the  FOV  also  resulted  in  earlier  target 
acquisition  (7.05  sec  with  an  80  deg 
head-steered  FOV,  9.55  sec  with  a  20  deg 
FOV),  and  higher  altitude  releases  (1175 
ft  vs  843  ft).  It  is  explained  ‘*ow  early 
target  acquisition  allowed  subj  icts  to 
modify  their  flight  paths  and  so  position 
their  aircraft  for  higher  releases.  Using 
the  times  to  find  targets  as  the 
criterion.  HMD  FOVs  of  20  and  30  degrees 
were  significantly  worse  (p<0.C5)  than 
FOVs  of  40,  60  or  80  degrees. 


1 _ INTRODUCTION 

One  aid  to  flying  at  night  is  a  Forward 
Looking  Infrared  sensor  (FLIR).  With 
current  systems,  objects  outside  the 
cockpit  are  imaged  by  the  FLIR  and  viewed 
inside  the  cockpit  on  a  panel-mounted 
display.  A  night  vision  system  currently 
under  development  utilizes  a  head-ste*  red 
FLIR,  with  the  images  viewed  on  a  helmet- 
mounted  display  (HMD).  This  arrangement 
provides  a  more  natural  method  for  pilots 
t;o  view  the  flight  environment.  A  concern 
with  the  proposed  new  arrangement  is  the 
effect  on  performance  of  the  size  of  the 
f ield-of-view  (FOV)  with  v’hich  the  pilot 
can  see  the  outside  world. 

The  issue  of  FOV  size  can  be  considered 
to  consist  of  three  variables  (angular 
resolution,  FOV  size  and  weight)  which 
combine  in  the  following  manner: 
Increasing  the  FOV  of  the  HMD  will,  for  a 
FLIR  image  with  a  fixed  number  of  raster 


lines,  decrease  the  angular  resolution 
(number  of  raster  lines  per  degree)  of 
the  image  seen  by  the  operator. 

Increasing  the  FOV  size  of  the  HMD  will 
also  increase  its  weignt.  Decreased 
angular  resolution,  decreased  FOV  size, 
and  increased  weight  are  all  consider  u 
to  adversely  affect  performance. 

The  inter-relationship  between  these 
three  variables  is  inescapable  in  the 
design  of  an  operational  FT.IR-based  night 
vision  system.  To  quantify  the  effect  of 
one  of  the  variables  (FOV  size),  an 
experiment  was  conducted  in  the 
laboratory  in  which  the  other  two 
variables  (weight  and  angular  resolution) 
were  held  constant.  The  manipulation  of 
FOV  size  was  accomplished  by  producing  an 
image  of  constant  angular  resolution  and 
electronically  masking  it  to  the 
appropriate  size.  The  experiment  measured 
performance  at  a  typical  mission  for 
which  the  night  vision  system  may  be 
used;  a  low-level  bomb  delivery.  For 
purposes  of  comparison,  the  experiment 
also  investigated  the  effect  of  varying 
the  FOV  of  the  currently  used  arrangement 
of  a  panel-mounted  display  and  aircraft- 
fixed  FLIR, 

The  effect  of  FOV  size  on  performance 
with  HMDs  has  been  addressed  previously, 
using  a  simple  target-finding  task  (Ref. 
1)  and  with  simple  simulations  of  air-to- 
air  tasks  (Refs.  2,  3»  4).  Performance 
at  a  more  complex  air-to-ground 
simulation  has  also  been  investigated 
(Ref.  5).  However,  the  purpose  of  that 
study  was  to  test  the  efficacy  of  a 
simulator,  and  FOVs  were  used  which  were 
much  larger  than  those  which  are  feasible 
for  use  on  a  flight-worthy  HMD.  The 
effect  of  realistic  FOV  sizes  on 
performance  at  the  sort  of  mission  for 
which  the  systems  will  be  used,  has  never 
been  reported. 

2 _ METHOD 

2.1  Subjects 

The  experiment  was  conductea  with  five 
USAF  F-16  pilots  (mean  flight  time  2350 
hours).  All  pilots  had  flown  air-to- 
ground  missions,  and,  in  addition,  one 
had  flown  with  a  prototype  head-steered 
FLIR  and  HMD  system. 

2.2  Apparatus 

The  study  was  conducted  in  the  Visually 
Coupled  Airborne  Systems  Simulator 
(VCASS) .  The  facility  consists  of  a 
binocular  HMD,  an  electromagnetic  helmet 
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Figure  1 .  Diagram  of  the  components  of 
the  Visually  Coupled  Airborne  Systems 
Simulator  (VCASS) .  The  throttle,  stick 
and  rudder  were  located  in  a  mock-up  of 
an  aircraft  cockpit. 

position  sensor  and  a  digital  image 
generator  (Figure  1).  The  maximum  FOV  of 
the  VCASS  HMD  is  120  degrees  horizontally 
by  80  degrees  vertically.  Subjects  wore 
the  HMD.  wnich  occluded  their  view  of  the 
outside  world.  Instead,  they  saw 
computer- gene rated  images  (virtual 
images)  appropriate  to  their  sitting 
inside  the  cockpit  of  a  fighter  aircraft, 
while  flying  over  a  gaming  area  174 
nautical  miles  (nm)  square.  'The  helmet 
position  sensor  updated  the  image 
generator,  so  that  the  scene  on  the  HMD 
was  appropriate  to  where  the  pilot  was 
pointing  his  head.  The  cockpit  had  a  HUD, 
with  symbology  subtending  20  degrees 
horizontally  and  vertically.  In  the 
aircraft-fixed  sensor  conditions,  the 
subject  could  only  see  out  of  the  cockpit 
by  looking  through  the  HUD,  the  FOV  of 
which  was  the  same  as  the  aircraft-fixed 
FLIR.  In  the  head-steered  FLIR 
conditions,  the  subject  could  see  outside 
the  aircraft  in  all  directions,  except 
those  obscured  by  the  cockpit.  Subjects 
used  real  controls  (throttle,  stick  and 
rudder)  to  fly  the  simulated  aircraft. 

The  images  on  the  simulator  were  updated 
at  10  Hz. 

2.j  Procedure 

The  experimental  task  was  a  10  degree¬ 
dive  bomb-delivery.  The  parameters  of  the 
maneuver  are  shown  in  Figure  2.  The 
target  was  one  specified  building  among  a 
group  of  four  buildings.  The  buildings 
were  not  visible  until  the  aircraft  was 
within  two  nm  of  their  position,  or  the 
aircraft  ';as  above  500  ft.  Subjects  were 
allowed  a  total  of  30  seconds  above  500 
ft  before  they  were  struck  by  a  missile 
(a  message  informed  the  subject  they  had 
been  struck,  but  the  trial  continued). 

The  approximate  location  of  the  target 
was  indicated  on  the  aircraft  HUD,  when 


it  was  switched  to  the  Continuously 
Computed  Release  Point  (CCRP)  mode.  In 
this  mode,  a  vertical  line  indicated  the 
direction  in  which  the  aircraft  had  to  be 
steered  to  intercept  the  target,  and  a 
Target  Designation  (TD)  box  indicated  the 
location  of  the  target  in  azimuth  and 
elevation.  If  the  off-axis  angle  to  the 
target  exceeded  the  symbology  area  of  the 
HUD  (20  deg) .  the  TD  box  pegged  at  the 
appropriate  boundary,  and  a  line  extended 
from  the  center  of  the  HUD  to  the  TD  box. 
As  part  of  the  experiment,  there  was  a 
deliberate  offset  between  the  indicated 
and  actual  location  of  the  target. 

At  3.5  nm  from  the  indicated  location  of 
the  target,  the  subjects  were  supposed  to 
“pop”  (climb  rapidly  to  above  500  ft)  to 
an  altitude  of  2300  ft,  acquire  the 
buildings  visually,  and  aim  and  release 
their  weapon  at  the  correct  target.  To 
release  the  bomb,  subjects  first  switched 
the  HUD  from  CCRP  mode  to  Continuously 
Computed  Impact  Point  (CCIP)  mode.  They 
then  maneuvered  the  aircraft  to  overlay 
the  CCIP  pipper  over  the  target,  and 
pressed  the  bomb  release  switch.  The 
subjects  ended  the  trial  when  they  were 
on  a  heading  of  180  degrees  and  had  flown 
2.0  nm  from  where  they  dropped  their 
bomb . 

Subjects  were  instructed  that  if 

they  executed  a  “pop”  but  were  unable  to 

deliver  the  weapon,  they  were  to  descend 


0 


4.5  G  TURN 


Figure  2.  Parameters  of  the  10  deg-dive 
bomb-delivery  used  in  the  experiment. 
Subjects  started  6  nautical  miles  (nm) 
south  of  an  indicated  target. 


10-3 


below  500  ft  and  attempt  oi'.e  more  pass, 
at  or  below  500  ft,  before  ending  the 
trial.  Reasons  for  failure  to  deliver  the 
weapon  on  the  first  pars  included  being 
unable  to  find  the  target,  and  not 
attempting  to  dive  at  the  target,  because 
doing  so  would  have  required  too  steep  a 
dive  angle*  The  trial  ended  if  the 
subject  flew  into  the  ground. 

The  independent  variables  were  FOV  size 
(20,30.40,60,80  degrees  in  diameter), 
head-steered  vs  aircraft-fixed  FLIR. 
actual  target  location  (N,S,E,W),  and 
indicated  target  location  (5  bearings  at 
each  of  3  ranges:  see  Figures  2  and  3). 

2.4  Experimental  design 

Each  subject  completed  four  sessions,  one 
session  per  day.  The  first  session 
consisted  of  a  briefing  and  a  minimxim  of 
15  practice  trials,  with  exposure  to  the 
range  of  tOVs,  indicated  target  locations 
and  sensor  types.  Subsequent  sessions 
consisted  of  15  head-steered  or  aircraft- 
fixed  trials,  followed  by  15  aircraft- 
fixed  or  head-steered  trials.  The  order 
of  head-steered  and  aircraft-fixed  trials 
was  alternated  across  sessions.  Odd- 
numbered  subjects  began  with  head-steered 
trials  and  even-numbered  subjects  began 
with  aircraft-steered  trials.  The  manner 
in  which  the  FOVs  were  matched  with 
target  positions  is  shown  in  Figure  3. 

For  each  subject,  the  order  of  FOVs, 
indicated  targets  and  actual  targets 
remained  the  same  for  each  set  of  15 
trials  and  across  sessions  2,3  and  4. 


3 _ RESULTS 

The  experiment  produced  more  data  than 
can  be  presented  in  this  paper. 

Sufficient  results  will  be  presented  to 
attempt  to  explain  how  subjects  responded 
during  the  experiment  and,  based  on  this, 
tentative  recommendations  will  be  made  on 
minimum  FOV  requirements.  Further 
analysis  of  the  data  will  be  presented  in 
future  reports. 

Only  the  data  from  the  first  passes  from 
sessions  3  and  4  will  be  presented  in 
this  paper.  The  dependent  variables 
included  aircraft  position  and 
orientation,  bombing  performance,  pilot 
head  movement  and  times  at  which  the 
pilot  performed  certain  maneuvers. 

Figure  4  shows  idealized  altitude 
profiles  for  head-steered  and  aircraft- 
fixed  trials  with  illustrations  of  some 
of  the  dependent  variables.  Target 
sighting  was  indicated  by  the  subject 
pressing  a  button  on  the  control  stick. 

Figure  5  shows  altitude  profiles  for 
subject  3,  using  a  40  degree  FOV  with  a 
head-steered  and  aircraft-fixed  sensor. 
The  target  had  a  medium  offset  (number  10 
from  Figure  3)  and  the  data  were 
collected  in  session  4.  The  head-steered 
profile  illustrates  the  following:  (1)  a 
4.5  g  turn  to  the  right  at  about  18 
seconds,  followed  by  an  above  3  g  pull- 
up;  (2)  a  large  head  movement  at  about  27 
seconds,  which  resulted  in  a  target 
sighting  at  30  seconds;  (3)  tracking  of 
the  target  by  the  head,  between  32  and  48 
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Figure  3.  Diagram  of  the  experimental  design  and  the  arrangement,  of  the  actual 
and  indicated  targets.  Each  subject  was  presented  with  the  FOVs  in  a  different 
random  order.  The  indicated  targets  were  matched  with  the  FOVs  as  shown.  Actual 
target  positions  were  randomized  for  each  subject. 
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Figure  A.  Idealized  altitude  profiles  for 
both  types  of  sensor,  with  il3.ustrations 
of  some  of  the  dependent  variables. 

seconds,  as  the  pilot  rolled  the  aircraft 
around  his  head,  switched  to  CCIP,  and 
lined  up  the  HUD  with  the  target  (zero 
degrees  head  angle  means  the  pilot's  head 
was  pointing  straight  ahead) ;  (4)  a 
greater  than  6  g  pull-up  at  about  51 
seconds,  following  bomb  release  at  47 
seconds.  Figures  6,  7  and  8  show  the  mean 
data  for  the  5  subjects,  across  2 
sessions,  for  each  FOV,  type  of  sensor 
and  target  offset  range. 

The  data  were  subjected  to  analysis  of 
variance  using  a  general  linear  model. 

The  model  partitioned  out  the  variance 
due  to  sensor.  FOV.  target  offset  range 
and  target  offset  bearing,  and  the 
interactions  between  these  main  effects. 
It  should  be  noted  that  each  subject 
experienced  each  FOV  at  3  different 
target  offset  ranges,  but  only  one  target 
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Figure  5.  Altitude  profiles  for  two 
trials  with  a  40  deg  FOV  head-steered 
(upper)  and  aircraft-fixed  (lower) 
sensor.  Subject  3,  session  4. 

offset  bearing  (see  Figure  3).  Thus, 
within  a  subject,  bearing  was  confounded 
with  FOV.  This  was  accounted  for  by 
dropping  subject  from  the  model.  The 
variance  due  to  subject  was  reallocated 
to  the  interactions  involving  bearing  x 
FOV,  which  were  uninterpretable.  The  P- 
Values  o:  6  dependent  variables  are  shown 
in  Tabic  1.  The  main  effects  and  inter¬ 
actions  of  target  offset  bearing  will  be 
presented  in  future  reports.  The  results 
of  post-hoc  analyses  of  variance  of  the 
time-to-sight  data  are  shown  in  Table  2. 

4 _ DISCUSSION 


Each  mission  consisted  of  four  phases: 
ingress,  target  acquisition,  aiming  and 
egress.  In  the  first  phase,  ingress, 

P-V«Iucs 


Source 

E>egrccs  of 
Freedom 

Time  lo 
Find 

Switch  to 
CCIP 

Maneuver 

Time 

Release 

Altitude 

Track 

Time 

CCIP 

Altitude 

, 

0.0001*  * 

0.0001*  * 

0.9365 

O.OOOl*  * 

0.0001*  * 

0.0001*  * 

FOV 

4 

O.OOOl*  * 

O.OOOl*  * 

0.0012*  * 

o.oow 

0.0026^ 

0.0018** 

SxF 

4 

0.2478 

0,8077 

0.8116 

•  « 

0.1740 

0.1465 

0.0163* 

Range 

2 

0.0001 

0.0022 

0.0001 

0.1266 

0.0001 

0.2996 

SxR 

2 

O.OOOl^ 

0.0393 

0.1033 

0.2116 

0.9994 

0.7365 

FxR 

8 

0.0318* 

0.4712 

0.6207 

0.6384 

0.5076 

0.3862 

S  X  F  X  R 

8 

0.3890 

0.8140 

0.7248 

0.4948 

0.9013 

0.5831 

Table  1.  Values  from  a  fixed-effects  general  liner  model  analysis  of  variance 
*=P<0.05.  **=F<0.001. 
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subjects  relied  almost  entirely  on  their 
instruments.  They  were  required  to 
maintain  a  constant  heading  and  altitude 
while  Increasing  speed  to  540  knots.  At 
3.5  nm  from  the  target,  they  turned  right 
30  degrees  and  immediately  went  into  a  15 
degree  climb.  All  of  this  could  be 
accomplished  by  referring  to  the  HUD. 
Performance  in  the  ingress  phase  was 
consistent  and  did  not  appear  to  be 
affected  by  the  type  of  sensor,  FOV  or 
target  offset.  The  egress  phase  commenced 
after  the  subjects  released  the  bomb,  or 
if  no  bomb  release  occurred,  after  they 
passed  the  targets.  During  egress,  the 
subjects  were  required  to  get  below  500 
ft  and  turn  to  the  correct  heading. 
Performance  in  this  phase  also  appeared 
to  be  unaffected  by  type  of  sensor.  FOV 
or  target. 

In  the  second  phase,  acquiring  the 
target,  the  buildings  became  visible  if 
they  fell  within  the  FOV  of  the  sensor, 
and  the  aircraft  was  above  500  ft.  In  the 
aircraft-fixed  trials  this  occurred 
infrequently  during  the  ascent,  and 
usually  only  with  the  largest  FOVs. 
Mostly,  the  target  was  acquired  at,  or 
shortly  after,  the  apex.  With  the  bead- 
steered  sensor,  subjects  usually  found 
the  target  earlier,  before  the  apex.  The 
mean  times  to  find  the  target  are  shown 
in  Figure  6.  The  changes  in  the  time  to 
find  the  target,  caused  by  type  of  sensor 
and  FOV.  reflect  the  contributions  of 
these  two  variables  to  this  phase.  The 
mean  time  to  find  the  target  across  all 
the  head-steered  trials  (7.88  sec)  was 
43%  less  than  the  mean  of  the  aircraft- 
fixed  trials  (13.88  sec).  The  mean  time 
to  find  targets  with  an  80  degree  FOV  in 
the  head-steered  trials  (7.05  sec)  was 
26%  less  than  with  a  20  degree  FOV  (9.55 
sec) .  The  mean  time  to  find  targets  with 
an  80  degree  FOV  in  the  aircraft-fixed 
trials  (12.40  sec)  was  18%  less  than  with 
a  20  degree  FOV  (15.20  sec). 

With  a  head-steered  sensor,  subjects  used 
head  movements  to  search  the  terrain  for 
cues  about  the  target  location.  Once  they 
acquired  the  target,  they  also  used  head 
movements  to  track  the  target  as  they 
rolled  the  aircraft  around  their  head. 
Although  their  view  outside  the  cockpit 
provided  information  about  spatial 
orientation  and  target  location,  they 
still  needed  to  monitor  the  aircraft 
instruiTients.  The  competing  demands  of 
monitoring  the  HUD  and  the  target  suggest 
that  the  superimposition  of  some  HUD 
information  onto  the  FOV  of  the  HMD  might 
aid  performance  at  some  phases  of  the 
task. 

Following  target  acquisition,  the  subject 
went  to  the  aiming  phase.  The  end  of  the 
aiming  phase  was  marked  by  bomb  release, 
which  occurred  at  lower  altitudes  with 
the  aircraft-fixed  sensor  and  with 
smaller  FOVs  (Figure  7).  In  a  real 
delivery,  low  bomb  release  would  increase 
the  possibility  of  fragmentation  damage 
to  the  aircraft.  The  minimum  release 
altitude  was  stipulated  as  900  ft.  The 
desired  altitude  was  1500  ft.  Both  of 
these  minima  were  violated.  The  reason 
for  these  violations  probably  had  to  do 
with  the  nature  of  the  aiming  task  and 
the  update  rate  of  the  simulation. 
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Figure  6.  Mean  data  for  5  subject  from 
session  3  and  4. 

Specifically,  the  aiming  phase  may  be 
subdivided  into  two  parts.  In  the  first 
part,  the  subject  attempted  to  place  the 
target  within  the  FOV  of  the  HUD.  In  the 
second  part,  the  CCIP  pipper  was  placed 
precisely  over  the  target.  The  former 
part  required  gross  aircraft  movements, 
whereas  the  latter  part  required  more 
precise  control  inputs.  In  the  latter 
part,  lags  introduced  by  the  simulation 
caused  subjects  to  reduce  their  response 
speed.  This  probably  contributed  to 
longer  tracking  times  (Figure  6)  and 
lower  release  altitudes  (Figure  7)  than 
would  have  occurred  with  a  real  bomb 
release. 

A  simple  hypothesis  to  expain  the  effects 
of  sensor  type  and  FOV  size  on  release 
altitude  is  that  early  sighting  of  the 
target  allowed  earlier  (and  therefore 
higher)  bomb  release.  If  this  were  the 
case,  the  differences  in  the  times  at 
which  the  bombs  were  released  (the 
maneuver  times.  Figure  6)  would  correlate 
with  the  release  altitudes.  A  mean  pitch 
axis  angle  at  release  of  -6  degrees  and  e 
speed  of  500  knots  corresponds  to  a 
vertical  velocity  of  88  ft/sec.  The 
difference  between  mean  maneuver  time 
with  an  aircraft-fixed  sensor  (21.4  sec) 
and  a  head-steered  sensor  (21.1  sec)  is 
not  only  too  small,  but  in  the  wrong 
direction,  to  explain  the  difference  in 
mean  release  altitudes  between  the  two 
sensors  (902  ft  and  1084  ft). 

Furthermore,  the  effects  of  FOV  size  and 
target  offset  produce  different  effects 
on  the  two  dependent  variables. 
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To  understand  what  happened.  It  la 
necessary  to  consider  the  geometry  of  an 
air-to-ground  attack.  In  order  to 
successfully  drop  a  bomb  on  a  target,  it 
is  necessary  for  the  aircraft  to 
intersect,  and  point  down,  a  line  sloping 
up  from  the  target.  (The  "line''  is 
actually  3  dimensional,  and  describes  the 
surface  of  a  funnel  with  the  target  at 
the  base) .  The  slope  of  the  line  depends 
on  the  ballistic  properties  of  the  bomb 
and  the  required  bomb  impact  angle.  The 
further  away  from  the  target  the  aircraft 
can  intercept  the  line,  the  higher  it 
will  be. 

With  an  aircraf t-f ixed  sensor,  it  is  easy 
to  understand  the  prerequisite  conditions 
before  a  subject  switched  from  CCRP  to 
CCIP.  Subjects  only  switched  to  CCIP 
after  the  target  and  the  HUD  were 
simultaneously  visible  within  the  FOV. 
otherwise,  they  lost  what  little 
information  they  had  about  target 
location  provided  by  the  CCRP  TD  box.  It 
is  likely  that  the  impetus  to  switch  was 
similar  with  a  head-steered  sensor. 

Switch  to  CCIP  therefore  indicates  the 
achievement  of  a  certain  angular 
relationship  between  the  target  and  the 
direction  in  which  the  aircraft  is 
pointing,  or  in  other  words,  an 
approximate  intersection  of  the  line. 
Following  the  switch  to  CCIP.  the 
subjects  used  the  pipper  to  precisely 
intercept  the  line.  If  the  pipper  was 
between  the  aircraft  and  the  target,  the 
aircraft  was  too  low.  If  the  target  was 
between  the  aircraft  and  the  pipper,  then 
the  aircraft  was  too  high.  The  times  to 
make  the  precise  intersection  (track 
times)  were  similar  across  FOV  and  type 
of  sensor,  which  further  supports  the 
hypothesis  that  the  switcli  to  CCIP 
occurred  only  after  an  approximate 
intersection  of  the  line.  Figure  7  shows 
the  mean  altitudes  at  which  the  switch 
occurred.  There  was  an  increase  in 
altitude  with  increasing  FOV.  and  the 
switch  occurred  higher  with  a  head- 
steered  sensor  than  with  an  aircraft- 
fixed  sensor.  Apparently,  the  advantage 
of  a  head-steered  sensor  and  a  large  FOV 
was  that  they  allowed  subjects  to  see  the 
target  earlier  and  make  the  necessary 
control  inputs  to  intersect  the  line 
further  from  the  target. 

In  this  simulat  in,  a  high  release  may 
have  been  disadvantageous  to  bomb 
accuracy  because  of  alignment  errors  in 
tlie  apparatus.  The  HUD  symbology  and  the 
target  and  terrain  information  were 
generated  by  different  computers.  The  two 
sets  of  images  were  fused  on  the  VCASS 
HMD.  Any  angular  misalignment  between  the 
two  images  meant  that  what  the  subject 
aimed  at  through  the  HUD,  and  what  the 
aircraft  aimed  at,  were  different.  The 
effect  of  an  angular  misalignment 
increased  with  increasing  altitude. 
Therefore,  the  increasing  bomb  error  with 
increasing  FOV  in  Figure  8  may  be 
explained  by  the  increasing  release 
altitudes  witii  increasing  FOV  in  Figure 
7.  The  sizes  of  the  bomb  errors 


correspond  to  a  maximum  angular  error  of 
about  1.5  degrees.  It  is  likely  that  the 
misalignment  was  less  than  this.  Other 
sources  contributed  to  bomb  error, 
including  timing  differences  between  the 
two  computers  (this  was  constant  across 
all  conditions). 

Two  Issues  emerged  from  the  experiment 
concerning  the  minimum  FOV  size  for  HMDs. 
The  first  is  that  it  was  possible  to 
perform  tlie  task  irrespective  of  FOV 
size.  The  second  is  that  a  clear  effect 
of  FOV  size  was  to  alter  how  long  it  took 
to  find  the  target.  Target  sighting  led 
to  a  chain  of  events  which  culminated  in 
higher  release  altitudes  with  larger 
FOVs.  Based  on  target  sighting  times,  20 
and  30  degree  FOVs  seem  to  stand  out  as 
being  significantly  worse  than  the  larger 
FOVs  when  there  was  a  large  target 
offset  (Table  2). 
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Figure  7.  Mean  altitude  data  for  5 
subjects  from  sessions  3  and  4. 
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Figure  8.  Mean  bomb  error  data  for  5 
subjects  from  sessions  3  and  4. 
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TIME  TO  FIND  TARGET 


6 _  REFERENCES 
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Table  2.  Probabilities  of  the  means  being 
different  for  times  to  find  the  target 
with  different  FOVs  and  target  offset 
ranges.  *=p<0.05,  **p<0.001 

5 _ CONCLUSIONS 

1)  The  time  it  took  to  find  targets 
affected  subsequent  performance  of  the 
bombing  task,  such  that  early  sighting 
resulted  in  bomb  releases  at  higher 
altitudes. 

2)  Targets  were  sighted  eerlier,  and 
bombs  were  released  higher,  with  a  head- 
steered  sensor  than  with  an  aircraft- 
fixed  sensor. 

3)  The  task  could  be  performed  with  all 
FOV  sizes. 

4)  With  a  head-steered  sensor  and  a  large 
target  offset,  it  took  significantly 
longer  to  find  targets  with  FOVs  of  20 
and  30  degrees  than  with  FOVs  of  AO.  60. 
and  80  degrees. 
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Resume 

I.' introduction  d'une  presentation  binoculaire  dans  les  visuels  de  casque  nc  pout  pas 
seuloraent  etre  consideree  comme  un  simple  reequilibrage  des  stimulations  visuelles  entre 
les  deux  yeux  compte-tenu  des  proprietds  specifiques  de  la  vision  binoculaire.  chez 
I'hoituTio.  Un  nouveau  support  d'aide  a  la  representation  de  I'environnement  par  le  pilotc 
est  disponible.  Le  benefice  potential  de  viseurs  binoculaires  repose  sur  la 
transposition  des  capacites  de  traitement.  visual  aux  conditions  de  generation  et  de 
restitution  des  images  dans  le  visuel  de  casque.  Los  differents  problemcs  souleves  par 
oe  transfert  sont  envisages  ;  certains  nocessitent  des  investigations  experiraontalcs 
notamment  pour  determiner  la  tolerance  a  la  sollicitation  partielle  de  la  binocularite 
et  aux  contraintes  de  I'environnement  aeronautique.  Au  vu  de  ces  difficultes,  la  part  de 
la  binocularite  dans  un  visuel  pout  etre  envisagec  differemment  dans  la  presentation 
d' images  issues  du  mondo  reel  par  des  capteurs  ou  de  symbologie,  dans  le  cadre  d'un  vol 
effectif  ou  de  la  simulation. 


INTRODUCTION 

Les  conditions  d' evolution  dans  un  contexte  aeronautique  favorisent  tout 
particulieroment  la  vision  comme  source  d' information.  Sa  preponderance  sur  les  autres 
modalites  scnsorielles  s'amplifie  au  fur  et  a  mesure  que  la  prise  dc  conscience 
interesso  un  environnement  plus  distant  du  pilotc  :  prenant  une  largo  part  dans 
I'orientation  spatiale,  ells  constitue  I'dleraent  majeur  de  la  perception  du  cadre 
geographique  et  de  1' appreciation  de  la  conjoncturc  tactique.  Les  informations 
visuelles,  initialement  scindees  en  leurs  composantes  elementaires  fonction  de  la 
sensibilito  des  capteurs  oculaires,  constituent  un  flux  afferent  en  continu  qui  alimentc 
et  enrichit  une  representation  interne  de  la  situation.  L'adequation  de  cette 
representation  avec  I'environnement  r^el  depend  d'une  part  d'un  recueil  adapte  des 
afferances  mais  eyalement  d'un  modeie  d'integration  coherent  avec  la  situation.  Ce 
modele  s'elabore  progressivement  avac  I'apprentissage  de  la  tache  de  pilotage  ;  la 
presentation  de  1' information  sous  la  forme  la  plus  accessible  au  systeme  visuel  en 
tenant  compte  de  ses  caraetdristiques  physiologiques  pent  pretendre  optimisor  le  flux 
d' af ferences .  De  ce  fait,  le  visuel  de  casque  represents  un  support  de  choix  pour 
realiser  une  aide  au  pilotc  dans  sa  representation  de  la  situation. 

Le  visuel  de  casque  s' est  progressivement  impose  comme  une  necessite  opera tionnelle 
dans  I'equiperacnt  du  pilote.  Le  benefice  immediat  attendu  en  est  double  :  i)  dans  sa 
fonction  viseur  de  casque,  e'est  faciliter  la  communication  horame-systeme  ;  ii)  dans  sa 
fonction  support  de  visualisation,  e'est  rendre  1' information  disponible  quelle  que  soit 
la  position  du  regard. 

Les  premieres  mises  au  point  technologiques  out  conduit  a  1 'elaboration  de  visuels 
monoculaires .  Ceux-ci  se  sont  averes  delicat.s  d'emploi  notamment  parce  que,  du  fait  de 
la  rivalite  entre  les  deux  yeux  stimules  si  differemment,  1' image  support  d’ information 
a  tendance  a  etre  neutralisee  occasionncllement .  La  solution  est  alors  suggeree  dans 
1 ' introduction  de  visuels  binoculaires. 

Au  vu  des  considerations  sur  la  representation  de  la  situation,  la  reponse  n'est 
pas  aussi  immediate  car  la  vision  binoculaire  joue  un  role  qui  lui  est  prepre  tout 
particulierement  dans  la  vision  du  relief.  Les  deux  images  tres  legerement  difierentes 
issues  des  deux  yeux  constituent  des  affcrences  dont  la  comparaison  doniu,  une 
information  sur  les  distances  dans  I'espace  analyse. 

La  simple  presentation  de  deux  Images  strictement  identiques  aux  deux  yeux  dans  un 
visuel  de  casque  tenterait  de  s'affranchir  des  capacites  d'analyse  binoculaire  dans 
cette  perception  des  distances,  e'est  manquer  I'apport  d'une  information  potentielle 
dans  1' integration  de  la  situation.  Co  manque  est  d'autant  plus  prejudiciable  que  la 
perception  de  relief  d'origir.e  binoculaire  est  issue  d'un  traitement  tres  primitif  et 
immediat.  A  1' inverse,  les  elements  monoculaires  de  1' appreciation  du  relief  reposent 
sur  un  traitement  de  1 ' inf ormation  visuelle  beaucoup  plus  elabore  ou  I'apprentissage  de 
1 '  interpretation  des  formes  joue  un  g.rand  role. 

Par  centre,  choisir  d'exploiter  la  binocularite  dans  un  visuel  do  casque  suppose  de 
presenter  dec  stimulations  visuelles  adaptces  a  sa  mise  en  oeuvre.  La  negligence  de  ses 
specif icites  ou  une  mauvaise  sollicitation  risqueraient  de  cieer  plus  de  probleme.s  qu'il 
n'en  serait  resolu. 

En  effet,  les  capteurs  oculaires  ont  un  certain  nombre  de  caractoristiques  en 
localisation,  champ  visuel  et  mobility  de  soite  que  dans  la  partie  traitement  de 
1 ' information,  les  possibilites  d'analyse  du  signal  visuel  (et  la  specialisation 
fonctionnelle  binoculaire)  sont  li6es  aux  caracteristiques  de  ces  capteurs.  e'est 
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pourquoi  I'aptitudo  binoculaire  verlfle  tout  d'abord  I'existence  des  conditions 
neoessalres  au  niveau  des  capteurs  pour  acqu6rir  une  information  exploitable  (propri6tes 
optiques  comparables,  position  des  yeux,  motriclte  binoculaire),  mais  aussi  la 
resultante  du  traltement  par  la  perception  de  profondeur  dans  des  tests  visuels 
binoculaires. 

De  grandes  perturbations  sont  introduites  dans  cette  chaine  de  prise  et  traltement 
de  1' information  quand  on  passe  de  la  vision  binoculaire  de  I'homme  &  la  mise  en  oeuvre 
de  la  binocularite  dans  un  visuel  de  casque. 

Dans  le  cas  de  la  vision  habituelle,  un  certain  nombre  d'416ments  sont  fixes  :  I'Scart 
entre  les  canteurs,  le  champ  visuel  (sachant  qu'il  y  a  large  recouvrement  des  champs 
monoculaires  dans  un  grand  champ  binoculaire)  ;  d'autres  sont  adaptes  a  I'environnement 
au  cours  du  temps  :  la  vergence  et  1' accommodation.  Ces  derniers  pareimfetres  sont 
variables  pour  ajuster  les  conditions  de  prise  de  vue  et  permettre  au  traltement  d'etre 
plelnement  efficace. 

Dans  le  cas  du  visuel,  sont  fixes  :  le  champ  visuel  (avec  cette  difference  qu'il  est 
nettement  reduit  avec  le  risque  d'une  transition  centrale  entre  binoculaire  et 
monoculaire  en  cas  de  recouvrement  partiel),  la  mise  au  point  (a  1' inf  ini)  et  la 
convergence  des  capteurs  (toujours  envisagfie  nulle  en  conditions  r^elles)  ; 
eventuellement  modifil  :  I'ecart  entre  les  capteurs. 

Les  conditions  de  prise  de  vue  et  leur  adaptation  au  cours  du  temps  sont  eminemment 
differentes  dans  les  deux  configurations  ce  qui  peut  donner  naissance  a  des  ditflcultes 
d' interpretation  des  stimulations  binoculaires. 

Pour  tenter  d'apporter  des  elements  de  reponse  a  I'intferet  de  disposer  d'un  visuel 
de  casque  binoculaire  dans  I'aide  a  la  representation  de  I'environnement,  une 
description  est  faite  des  avantages  offerts  par  I'utilisation  de  la  vision  binoculaire 
dans  les  conditions  physiologiques,  puls  les  oomposantes  de  la  vision  binoculaire  qui 
peuvent  entrer  en  jeu  dans  les  diffdrents  types  de  visuels  de  casque  sont  envlsagees 
avant  d'aborder  les  problemes  associes  aux  sollicitations  plus  ou  moins  partielles  de  la 
binocularite  dans  les  visuels.  Dans  ces  conditions,  un  certain  nombre  de  propositions 
peuvent  etre  degagees. 


1-  APPORT  DE  LA  VISION  BINOCULAIRE 

1.1-  Sur  les  grandes  fonctions  visuelles 

La  prise  en  compte  par  les  deux  capteurs  oculaires  d'un  memo  stimulus  visuel 
ameliore  la  perception  resultante.  En  ce  sens,  la  visualisation  binoculaire,  en  se 
rapprochant  des  conditions  usuelles  de  mise  en  oeuvre  du  systeme  visuel,  est  sup6rieure 
&  la  visualisation  monoculaire. 

Cette  amelioration  a  et6  mise  en  Evidence  au  niveau  des  seuils  de  perception  oCi  le 
seuil  lumineux  absolu  est  abaisse,  la  fonction  de  sensibility  au  contraste  augmentee  en 
rapport  constant  sur  toute  I'^tendue  des  frequences  spatiales  et  I'acuite  visuelle 
accrue  (Ref.l,  2,  3,  4).  Le  ben4fice  de  la  binocularite  se  manifesto  encore  au  niveau  de 
stimulus  supra-liminaire  avec  par  exemple  une  reduction  du  temps  de  presentation 
neoessalre  a  la  reconnaissance  de  formes  oU  encore  le  raccourcissement  du  temps  de 
reponse  (Ref. 5). 

L' ensemble  de  ces  arayiiorations  est  expliqu6  par  la  sommation  des  probabilites  de 
detection  et  d' analyse  du  signal  visuel  regu  par  chacun  dcs  deux  yeux,  mais  ygalement 
par  une  sommation  neuronale  au  niveau  des  structures  d' integration  des  informations 
binoculaires  qui  augraente  la  sensibility  du  systeme  couple  par  rapport  a  1' exploitation 
individuelle  des  capteurs.  Ces  effets  ne  s'expriment  que  dans  la  mesure  ou  les 
structures  codant  le  memo  type  d' information  sont  siraultanement  stimuiyes  dans  les  deux 
retines  (identity  de  localisation,  d'orientation,  contenu  frequentiel  diffyrant  de  moins 
d'une  demie  octave,  decroissance  de  I'effet  avec  1 ' introduction  d'un  dyiai  croissant 
entre  les  stimulations  dediees  a  chaque  oeil...). 

Outre  I'amyiioration  des  capacites  fonctionnelles  du  systeme  visuel,  la  vision 
binoculaire  assure  une  augmentation  du  domaine  spatial  d'investigation.  De  part  et 
d' autre  de  la  zone  centrale  du  champ  visuel  binoculaire  ou  les  deux  champs  monoculaires 
se  superposent,  les  zones  pyriphyriques  teraporales  exploryes  syiectivemer.t  par  I'oeil 
horaolateral  sont  prises  en  compte.  Ces  dernieres  assurent  un  gain  de  champ  visuel  de  25 
a  40"  selon  les  auteurs  (Ref. 6, 7, 8).  Nyanmoins,  I'utilisation  de  la  binocularity  permet 
toujours  une  extension  du  champ  visuel  total.  La  sommation  des  traitements  peut 
s'effectujr  dans  la  zone  de  recouvrement  des  champs  visuels  monoculaiies.  L' information 
est  reoueillie  de  fagon  monoculaire  dans  les  croissants  pyripheriques . 

1.2-  Specificity  binoculaire  pour  la  perception  du  relief 

La  localisation  des  deux  capteurs  oculaires  dans  vm  plan  horizontal  frontal,  avec 
un  decalage  lie  A  I'ycart  inter-pupillaire,  a  pour  consyquence  une  legere  difference  des 
deux  images  retiniennes.  Cette  diffyrence  est  exploitee  par  le  systeme  visuel  pour  en 
deduire  des  Informations  strictement  binoculaires  determinantes  pour  la  perception  du 
relief . 

La  duality  des  capteurs  a  deux  grandes  consequences  :  la  styreepsie  et  la 
distorsion  binoculaire. 

1.2.1-  La  styreopsie  : 

Les  deux  axes  de  visee  oculaire  convergent  au  niveau  du  point  de  fixation.  Les 
yiements  de  I'cspace  situes  a  la  meme  distance  de  1 ' observateur  que  le  point  de  fixation 
ont  des  images  rdtiniennes  en  correspondance  d'un  oeil  A  I'autre.  Par  centre,  les 
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''leraont.a  de  I'ospace  situcs  a  des  distances  difforentes  donnent  naissance  a  une 
disparite  horiaontale  entre  leurs  images  retiniennes  dont  i. 'intensity  cst  fonction  de  la 
distance  cn  profondeur  par  rapport  au  point  de  fixation,  et  le  sens  dependant  de  la 
localisation  en  avant  ou  en  arridre  du  point  de  fixation.  Les  Elements  en  avant  du  point 
de  fixation  genercnt  des  disparites  croisdes  tandis  gue  les  elements  en  arriere  g6nerent 
dos  disparitds  directes.  La  disparite  horizontale  donne  directement  naissance  4  la 
sensation  de  distance  on  profondeur  par  rapport  a  l'616raent  de  disparite  nulle  :  le 
point  de  fixation. 

L'appariement  des  elements  d'une  retine  a  1' autre  ne  pent  s'effectuer  que  sur  ure 
certaine  gamme  de  disparites  horizontales  qui  determine  i)  I'aire  de  fusion  si  I'on 
considere  la  perception  resultante  d'un  objet  unique,  et  ii)  I'aire  de  st6reopsie  plus 
ctendue  en  considerant  la  possibilite  de  localisation  en  distance.  Pour  des  disparites 
horizontales  superieures,  les  elements  ne  peuvent  plus  etie  fuslonnes  ni  localises  en 
avant  ou  en  arriere  du  plan  de  reference  par  un  traitement  binoculaire  et  dans  les 
conditions  naturelles  de  mlse  en  oeuvre  du  systemo  visual  une  des  deux  images  est 
neutralisee  pour  ne  plus  garder  qu'une  information  monoculaire.  L'utilisation  de  la 
vision  binoculaire  en  presentation  de  1 ' inf ormation  doit  necessairement  se  limiter  au 
domaine  des  disparites  ou  la  fusion  est  acquise. 

L'interet  principal  de  la  vision  binoculaire  est  de  permettre  le  traitement  de  tr6s 
faibles  disparitds  horizontales,  jusqu'a  10  secondes  d'arc  (soit  0,4mm  a  une  distance  de 
Ira).  L'analyse  se  faisant  a  partir  de  1' interpretation  d'un  ecart  angulaire,  la 
precision  en  profondeur  est  d'autant  plus  grande  que  le  point  de  convergence  est 
rapproche  de  I'observateur.  En  pratique,  cela  se  traduit  pav  un  domaine  d'efficacite  de 
la  vision  binoculaire  inferieur  a  500m  ;  et  memo  en  tenant  compte  du  poids  relatif  des 
indices  binoculaires  et  monoculaires  (Cf  :  interposition,  perspective  geomdtrigue, 
parallaxe  de  mouvoment,  effet  des  ombres,  etc...)  du  relief,  le  domaine  de  preponderance 
de  la  vision  binoculaire  serait  plus  proche  de  la  centaine  de  metres  (Ref. 9).  Toujours 
par  relation  geometrique,  le  pouvoir  de  resolution  en  profondeur  par  stereoscopie  est 
directement  dependant  de  1' ecart  entre  les  capteurs  retiniens,  soit  en  moyenne  6,5cm. 

Nee  de  la  comparaison  de  deux  images  retiniennes,  la  perception  stereoscopique  ne 
peut  concerner  quo  la  zo.ne  de  I'espace  ou  les  deux  champs  visuels  monoculaires  se 
recouvrent.  En  fait,  les  remarquables  performances  sont  obtenues  en  vision  centrale  et 
I'efficacite  diminue  avec  1 ' exoentricite  (R^f.lO,  11)  de  telle  sorte  que  la  transition 
entre  information  binoculaire  et  monoculaire  en  cheunp  vrsuel  p6ripherique  s'effectue 
sans  gene  dans  la  perception. 

Element  du  stimulus  tres  precocement  identifie  par  le  systtme  visuel,  la  disparite 
horizontale  retinienno  est  analysee  en  parallele  pour  les  differents  constituents  d’une 
image,  e'est  un  avantage  qui  assure  une  quasi  stabilite  du  temps  de  traitement 
independarament  du  norabre  d'elements  compris  dans  la  stimulation  (Rdf. 12). 

1.2.2-  La  distorsion  binoculaire  : 

Elle  provient  du  fait  que  la  scene  est  captee  par  les  deux  yeux  S  partir  de  deux 
points  de  vuo  differents,  le  contend  des  images  n’est  done  pas  strictement  identique. 
dptte  difference  de  contenu  s'cxprirac  au  travers  de  troia  principales  caracteristiques  : 

-  L' image  d'un  objet  n'a  pas  toujours  le  meme  contenu  spectral  en  frequences  spatiales 
d'une  projection  retinienne  a  I'autre.  C'est  ainsi  que  I'expdrience  princeps  de 
BLAKEMORE  (Rdf. 13)  permet  de  gdndrer  une  sensation  de  rotation  en  profondeur  du  plan 
resultant  de  la  presentation  aux  deux  yeux  d'une  surface  plane  compesee  dc  reseaux 
sinusoidaux  de  frequences  spatiales  legerement  differentes.  Dans  le  raonde  reel,  cette 
difference  est  d'autant  plus  grande  que  1' objet  est  rapproche  et  qu'il  ne  presente  pas 
de  syradtrie  de  revolution. 

-  Meme  en  1' absence  de  point  de  fixation,  done  d’dleraent  de  reference  a  disparitd  nulle 
entre  les  deux  rdtines,  les  images  des  objets  de  I'espace  presentent  une  disparitd 
retinienne  horizontale  d'autant  plus  grande  qu'ils  sont  proches  des  capteurs.  II  ne 
s'agit  plus  de  disparitd  absolue  faisant  reference  au  point  de  fixation  commo  dans  le 
cas  de  la  stereopsie,  mais  de  disparites  relatives,  composantes  communes  des  modalitds 
binoculaires.  II  faut  cependant  prendre  en  consideration  que  le  pouvoir  de  resolution  en 
profondeur  se  degrade  avec  1 ' dloignement  en  profondeur  du  point  de  fixation  (Ref. 11),  la 
perception  do  relief  dmanant  dc  cette  analyse  de  disparite  horizontale  relative  reste 
necessairement  reduite. 

-  Enfin,  1 ' interposition  des  objets  donne  des  faces  cachdes  differentes  entre  les  deux 
images  retiniennes  ce  qui  est  a  rapprochcr,  sous  contrainte  temporelle,  de  la  parallaxe 
dc  inouvement,  element  monoculaire  d' appreciation  du  relief  particulierement  efficace. 

Si  la  majorite  des  travaux  sur  la  vision  binoculaire  portc  sur  l'analyse  faite  par 
le  systdme  visuel  do  la  disparite  retinienne  horizontale,  rares  sont  ceux  qui  abordent 
1' influence  de  la  distorsion  binoculaire  dont  les  caracteristiques  peuvent  s'avdrer 
deterrainantes  dans  1' exploitation  d'un  visuel  de  casque. 


2-  MCDE  D' UTILISATION  DE  LA  BINOCULARITE  DANS  LES  VISUELS  DE  CASQUE 

Qu'il  s'agisse  de  la  simple  amelioration  des  performances  visuelles  monoculaires 
par  une  raise  en  jeu  bilatdrale  ou  de  proprietes  specif iquement  binoculaires,  il  apparait 
quo  I'etat  des  capteurs  et  les  conditions  de  prise  de  vue  constituent  un  dldment 
essentiel  pour  I'obtention  d'un  traitement  de  I'information  de  nature  binoculaire. 
Aussi,  les  differentes  configurations  de  visuels  de  casque  .sont-elles  envisagees  a 
partir  des  modalites  de  restitution  des  images  issues  de  capteurs  du  monde  environnant. 
Il  s'agit  bien  la  des  differentes  formes  des  stimulus  soumis  aux  capteurs  oculaires  a 
partir  desquelles  1 ' exploitation  de  la  binocularitc  est  plus  ou  moins  complete. 
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2.1-  Visuel  monocul^iie 

Ici  le  choix  esl  tan  dc  « '  at :  i  It  t  ».s  .?•  D. 

I'opSrateur  dans  la  pi Pscnt  J'. ion  dc  1 '  laf  a-t*.*- . ii 
1 '  information  symboli'juc  cvcniucS  •nrirhit  i*  .  i*t  y  .>t«a  t  ta  !**■* 

disponible  A  un  ocil  grace  k  1 ‘aas^iet’ laaaakrat  a  ta  poaiTiae  M  *d^a  ;*•  aewiia  t  tr>« 

stimulation  visucilc  unilaicialc  »ont  »*itipi*a- 

La  difference  dcs  dc^x  atiKilationa  tsa!**.;.**  *»-  nax  ari;  a .  u«  »j>,- 

I'asym^trie  dc  luminance,  i!  'aniaiwv  s.  .a  r.«a..*a  »t*teit.a.:«  aa.t 

egalement  une  pertutbatlon  dc  ia  iiaia:>c.  acc-aamaxV,  i  *  -  re«-c»s#i«fc-»  t  >«a  lamt  tatoa  .• 
prise  de  1 '  infoimat  ion  (Ret.  14  I'a-tra  pa:-  -wm  a*iiau.«  Ikmi-  la »_  • 

rctinien  peut  prctcndie  a  I 'adtptaiirai  aocc...rn«  aa;  ui  <krT*n  ■■  i  . aaott 

Par  ailleurs,  ces  a/at«»et  leaiao'.  ire**  J  ^  r»Mac  (to  ■.t.io  .t«^-  fti  ;  .-ttt  mi 
40°  d'ou  une  inadaptatioa  a  > '  a  a.  t  loe  *#«  latoarM  t0»~  .«*«<>  tot  i  i.t.ai 

pdripherique  ct  une  pa:.vie  eap.oiiatice  ma«  ft  -e-Laa  ii— c:,  .a . :  •*  .«  jaa  name.cn 
tridimcnsionncllc  (in.  d  a.ta.nt  pita  i?u»  .a  -aa-a^ar  ta  taf.a..-:..:^  na..  ,'aa4»e<t,-t  -eiM  .a>«c 
fflisc  en  ueuvic  difficile  et  g-te  catTa.aa  t  vt-.z*  «-ua  oaata  ..  taaa-  Kt  . -n  ttra 

couleurs,  sont  actuc I  Icwnt  coaif  .ateatooc  aairttaiiiiea  fiac  la«  t.-amw*.*. . '  a  ~ii-  rir  ■ - 

2.2-  Visuel  ti-ocula.i- 

Dans  cette  con;  igcra'iion,  les  4a -a  Trec.ci  *.it“  »-.to..ta  an  t  .at  ..toaaan  gc  “^anaiTc  jw 
1 'environnement  soni  lastea  1  -s  cas'e  .-  la,:n  .  i  aaa .  w* .  m  ta  ,i 

visualisation  ei  1 '  <1.*-;- Ic',.:  d„  .  amr  ar  taa  itoa-taa  taiAiatoa  a  .-aatcun  tan  tanm  e«-ta  ;;e 

distingue  deux  gta.nds  groupea  : 

2,2.1-  Les  deu.x  yeiix  tegoiraat  la  tocnw  itoame  .a  ;a<;-^->;«toen'  taa  ta-ti  •n.a^sa 
est  complct. 

Grace  a  l’.identite  theorig.o  d.  atH".;^,  •  n,-  :.asr.e  ta  -.•a-.ra  *»- 

eliraine  ct  la  comnandc  dc  la  tria.ic  pup;  I  ,e-a  ■  -  aitomla*.  .re  rer  >•  -'e  t  ta»  attcieci-ci 
concordantes  en  ptovenance  det  de,.x  yeux  K.-.  fa.*.,  .r  .-caglar  tat  ntaJK 

visuels  monoculaiics  inttodjit  dea  disp-aiites  too;  irooita.ea  at  se,- 1 . ct  ,ea  d  a.t  a-tt  Fl-  » 
importantes  qu'il  s'agit  dune  rone  petipnei;;-e  oaa  diapai.taa  »oot  l.taa  a»a 
systemes  optiques  utilises  et  altctcni  le  benefice  de  I'ldeatite  ae  I'ltoage  d'ojigine. 
En  tout  etat  do  cause,  I'apport  est  iimitc  a-  lentor  cewcrit  Sea  infornaticcia  aonoc .  la  i  rea 
par  la  mise  en  jcu  bilatctalc.  II  n'cxiste  a.ca.n  ga.n  sus  le  p.a-.  de  l‘etend-e  d.  cnaap 
dc  vision  ct  aucuno  sollici t  at  ion  specif  ique  de  la  vision  tinocu'.aiie.  Hotatotanc,  seel* 
les  indices  monoculairos  dc  la  peiccption  ti  idisicr.sion.-iellc  testent  opera.-.t*.  Ccla  cat 
obtenu  au  prix  d'un  dlspositif  plus  louid  -avec  les  consequences  qii  en  dccoulent  *ui  la 
mobilite  dc  la  tote-  qui  a  perdu  toutc  secuiiie  vis-a-vis  de  la  panne  dc  caiicui 
assooie. 


2.2.2-  Les  deux  yeux  tcgoivont  2  sous-images,  le  lecouvtr-ment  dcs  cha.t.p;;  est 

partiel. 

Ce  ca.s  est  obtenu  si  I'lmaga  provenant  do  1 'environnement  est  issue  d'un  unique 
oapteur  puis  scindee  en  deux  sous-images  dont  Ic  contenu  n'est  identigue  quo  dans  la 
portion  centrale  du  champ  do  vision.  Los  zones  peripheriques  de  1 ' imago  captoc  sont 
adressees  de  fagon  monocuiaire,  gue  1 ' attribution  soit  homolateralc  ou  controlatdrale 
selon  les  dispositifs.  Le  principal  avantage  est  le  gain  en  champ  de  vision  de  I'ordre 
de  50%  en  ayant  la  possibility  de  garder  la  raeme  resolution  de  1’ image  et  en  amcliorant 
la  raise  en  oeuvre  des  facteurs  monoculaires  de  I'evaluation  3D  (Ref. 15).  Il  n’en  reste 
pas  moins  quo  les  inconvdnients  lies  a  I'unicite  du  capteur  sont  rcconduits  dans  le 
domaine  de  la  security  comme  dans  celui  de  la  mise  en  oeuvre  de  la  binocularite .  Enfin, 
trait  oommun  a  tous  les  dispositifs  a  recouvreraent  partiel,  les  zones  laterales 
monoculaires  engendrent  une  rivalite  oculaire  paracentralc  et  une  instabilite 
oculomotrice.  Ce  phenoraene  est  mieux  connu  sous  le  terme  de  luning. 

2.3-  Visuel  binoculaire 

Deux  capteurs  sont  mis  en  oeuvre,  ils  ddUvrent  chacun  une  imago  dedice  a  un  oeil. 
Une  nouvelle  subdivision  de  cette  catygorie  de  visuels  est  a  prendre  en  compte  au  vu  des 
diverses  composantes  de  la  vision  binoculaire. 

2.3.1-  Les  images  proviennent  de  capteurs  dont  les  axes  de  prise  de  vue  sont 
paralleles. 

La  redondance  des  capteurs  assure  la  security  de  la  source  image  tout  en  conservant 
eventuellement  un  large  champ  de  vision.  Cette  solution  est  en  outre  dotye  d'une 
certaine  facility  de  raise  en  oeuvre  puisque  la  position  de  I'axe  de  prise  de  vue  est 
fixe  et  predeterminee. 

Cependant,  1' analogic  avec  la  vision  binoculaire  en  conditions  norraales  se  liraite  a 
I'existence  de  2  points  de  vue  differents  de  la  scene.  II  n'existe  pas  de  plan  de 
reference  puisque  les  axes  sont  paralleles,  prs  d'element  de  disparity  nulle  entre  les 
deux  images  pormettant  1 '  interpretation  de  disparites  retiniennes  absolues,  d'ou 
exploitation  des  informn;ions  binoculaires  limitee  a  la  distorsion  binoculaire.  On  ne 
peut  qualifier  ces  dispositifs  de  steryosoopique-s  puisqu’il  ne  sollicitent  quo 
partiellement  la  binocularite  et  notararaent  pas  la  stereopsie. 

2.3.2-  Les  images  proviennent  de  capteurs  dont  les  axes  de  prise  de  vue 
convergent  en  un  point  de  I'espace 

Ce  dlspositif  rassemble  1' ensemble  des  conditions  necessaires  a  1' exploitation  de 
la  totality  des  possibilites  d'analyse  de  la  vision  binoculaire.  En  effet, 
1 ' interpretation  des  facteurs  binoculaires  peut  se  faire  compte-tenu  de  1' element  de 
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disparite  nulle  entrc  les  deux  images  :  le  point  de  con-.orgonce  des  axes  de  visec  dcs 
capteurs.  La  perception  tridimcnsionnellc  de  1 'environnoment  s'elabore  a  partir  de  ce 
repere  spatial  par  une  localisation  en  avant  ou  cn  arriere  selon  la  disparite 
horizontale  entre  les  deux  images.  On  constate  en  effet  que  les  deux  modalites  de 
disparites  horizontales  sont  restituces  tandis  qu’un  systemc  a  capteurs  parallelcs  n'est 
susceptible  de  generer  que  des  disparites  relatives  de  type  croise. 

Cola  ctant,  le  choix  du  lieu  de  convergence  des  axes  de  visee  des  capteurs  apparait 
determinant  pour  une  representation  3D  approprioe.  S'il  est  fait  en  favour  d'unc 
distance  fixe,  il  s'agit  d'un  comprorais  a  priori  tenant  compte  des  donnees  sur  la  tache 
principale  de  pilotage  ;  si  I'option  est  prise  de  I'assujettir  a  la  position  du  regard 
du  pilote,  les  conditions  sont  optimales  pour  I'utilisatlon  de  la  binooularite  mais  cela  j 

sous-entend  un  detecteur  de  la  position  des  yeux  en  plus  du  detecteur  de  la  position  de  , 

la  tete. 

L'exploitation  attendue  de  la  stereopsie  est  conditionnee  par  la  superposition  des 
champs  de  vision  monoculaires.  Pour  eviter  la  transition  en  vi.sion  centrale  d'une 
restitution  stdreoscopique  a  une  restitution  monoculaire  -ce  qui  est  contraire  aux 
conditions  habituelles  de  mise  en  oeuvre  du  systeme  visuel-  un  recouvrement  total  des 
champs  de  vision  est  preconise. 


3-  PROBLEMES  LIES  A  L'UTILISATION  DE  LA  BINOCULARITE 

Les  differentes  conditions  de  visuels  b.'.-oculaires  ou  binoculaires  recouvrent  de 
nomiiieux  modes  do  sollicitation  de  la  vision  binoeulaire  dont  aucun  n'a  vraiment  de 
coi t espondance  avee  la  mise  cn  jeu  cn  conditions  habituelles.  Selon  la  perturbation  dans 
la  chainc  d ' acquisit ion  des  donnees  visuelles  peuvent  naitre  des  probldmes  de  traitemont 
visuel  qui  different  en  fonction  du  profit  attendu  d'un  visuel  dedic  aux  deux  yeux. 

3.1-  si  le  but  est  uniquement  de  nc  pas  etre  gene  par  une  stimulation  strictement 
monocula \ic ,  on  sc  limitc  a  I'apport  do  la  binocularite  dans  1' amelioration  des  grandes 
fo.-iotioiis  vjsuclles.  II  faut  alors  disposer  d'images  aussi  peu  differentes  que  possible 
1 ' une  dc  I'autre  pout  faciliter  Icur  fusion  et  eviter  1' interpretation  d'eventuclles 
diffcicnces  en  tetmc  de  perception  3D.  Dans  ces  eonditions,  le  probleme  est 
esscnticllomcnt  citconscrit  a  la  restitution  de  I'image.  Des  travaux  ont  deja  ete 
qncrcptls  dans  cc  domainc.  Ouelquos  oxemples  en  sont  donnes. 

3.1.1-  En  laboratoire  :  etude  de  la  tolerance  aux  disparite.s  de  distorsion 
dans  la  icstitutior.  dc  I'image 

Cos  disparitds  sont  inevitables  et  directement  dependantes  des  systemes  optiques, 
I'idcntltc  absolue  entre  les  systemes  dedids  aux  deux  yeux  n’etant  pas  technologiquement 
realisable.  En  consequence,  I'intensitd  des  disparitds  parasites  est  d'autant  plus 
grande  que  le  champ  de  vision  est  plus  dtendu.  Elies  ont  pour  origine  potentielle  :  un 
manque  d'alignemcnt  des  deux  dispositifs  de  projection,  un  grossissement  different,  une 
rotation  relative  par  rapport  au  centre  d'une  image  (Ref. 16).  si  les  repercussions  de 
CCS  distorsions  de  1’ Imago  conoernent  aussi  bien  les  dispositifs  bi-ooulaires  quo 
binoculaires,  les  limites  de  tolerance  no  peuvent  Stre  etablics  qu'en  rdference  d  d^s 
images  d' origine  identiques  pour  dviter  toute  interference  entre  distorsion 
"bi..oculaire"  et  distorsion  dans  la  restitution  de  I'image. 

A  partir  de  ses  travaux  et  d'une  revue  de  la  littdrature,  SELF  (Rdf. 17)  a  defini 
ces  limites  tenant  compte  de  criteres  de  confort,  de  I'effet  curoulatif  de  I’inconfort  au 
cours  de  la  visualisation  prolongee  et  de  la  variabllite  interindividuelle.  C'est  ainsi 
que  I'on  peut  admettre  jusqu'a  3,4  minutes  d'arc  de  disparite  verticale  ou  horizontale 
divergente  et  8,6  minutes  d'arc  de  disparite  convergente.  Les  limites  de  rotation  et  de 
grossissement  sont  directement  deduites  de  ces  tolerances  verticales  et  horizontales 
qu'elles  enge.ndrent  et  dont  I'intensite  depend  du  champ  de  vision.  A  noter  que  la 
perception  stereoscopique  n'est  pas  sensiblement  affeetde  par  une  disparite  verticale 
inferieure  A  25  minutes  (Ref.  18)  done  bien  au  dela  des  limites  de  tolerances  aux 
disparites  de  restitution  de  I'image. 

3.1.2-  En  pratique  :  etude  de  la  rivalite  oculaire  dans  1 ' utilisation  de 
visuels  de  casque 

L'interet  d'une  stimulation  des  deux  capteurs  visuels  pour  tirer  profit  de  la 
redondance  des  afferences,  sans  meme  avoir  recours  aux  caracteristiques  specif iqueroent 
binoculaires  est  mis  en  Evidence  dans  une  experimentation  effectuee  sur  avions  d'armes 
(Ref. 19).  Les  pilotes  ont  effectud  des  vols  sur  F16  equipes  soit  de  visuels  de  casques 
monoculaires  soit  de  visuels  bi-ocu]aires  dont  les  deirx  images  etaient  semblables.  Bien 
qu'on  retrouve  une  tres  grande  susceptibilite  individuelle,  la  grande  majorite  des 
pilotes  rapporte  une  plus  grande  facilite  d'execution  de  leur  tache  de  pilotage  avec  le 
dispositif  bi-oculaire,  la  prise  d' information  etant  pergue  comme  plus  naturelle  et 
moins  sujette  a  fluctuation. 

Cette  6tude  subjective  peut  etre  etayee  de  donnees  objectives  par  des  mesures 
quantifiees  de  la  triade  pupille-accommodation-vergence  effectuees  lots  de  I'utilisatlon 
de  visuels  monoculaires  ou  bi-oculaires  par  MOFFITT  (Rdf. 14),  Un  dquilibre  en  accord 
avec  la  distance  de  oollimation  est  observe  en  stimulation  bi-ooulaire  tandis  qu'il 
exlste  une  deviation  en  vergence  de  I'oell  non  stiraule  en  configuration  de  visuel 
monoculaire.  Cette  deviation  est  oonditlonnde  par  la  position  de  dark-vergence  mesuree 
par  ailleurs  pour  le  sujet.  Elle  a  pour  consequence  une  tendance  a  la  convergence  de 
I'oeil  stimule  et  un  niveau  d ' accommodation  correspondant  ;  il  s'ensult  un  decentrage  de 
I'oeil  par  rapport  a  I'image  et  une  perte  de  nettete  de  I'image  particulierement 
perceptible  avec  la  symlaologie  ct  majoree  par  I'occultation  de  I'oeil  libre  parfois 
rdalisde  par  I'operateur  pour  se  concentrer  sur  1 ' inf ormation  monoculaire. 
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Dans  dc  moindres  proportions,  la  rivalite  oculalre  est  encore  un  probleme  dans  les 
dispositifs  dont  le  recouvrement  des  deux  champs  de  vision  n'est  que  partiel.  Le  luning 
peut  etrc  restreint  par  divers  artifices  tels  I’estompage  progressif  de  1' image  dans  sa 
portion  raarginale  binoculaire,  I'insertion  d'une  zone  depourvue  d’ information  sur  la 
zone  correspondante  sur  I’autrc  oeil  ou  encore  I’attribution  oroisde  des  champs  lateraux 
raonoculaires  (Ref. 15). 

Dans  ce  type  d'utilisatlon  de  la  binocularitd,  la  duplication  des  capteurs  est 
plutot  une  gene  qui  majore  les  differences  entre  les  deux  images.  L'avantage  est  limitd 
a  1' augmentation  potentielle  du  champ  de  vision. 


3.2-  Si  le  but  est  d'exploiter  la  specificite  binoculaire,  les  differences  entre 
les  deux  images  prennent  toute  leur  valour  pour  la  perception  3D.  Le  probleme  est  alors 
de  resoudre  le  hiatus  entre  vision  binoculaire  dans  des  conditions  physiologiques  et 
vision  binoculaire  avec  interposition  d'un  systeme  optique.  L'analyse  concerne  tout  k  la 
fois  le  niveau  de  la  prise  de  vue  et  celui  de  la  restitution  des  images. 

Pour  I’cnsemble  des  visuels  blnoculaires,  I’effet  "binoculaire"  peut  etre  exacerbe, 
i.e.  les  differences  er.tre  les  deux  images  raonoculaires  majorecs,  en  ecartant  les 
capteurs.  En  creant  ces  conditions  d* "hyper-relief",  le  domaine  d’efficacite  de  la 
vision  binoculaire  n'est  plus  limite  aux  quelques  centaines  de  metres  habituels  mais  est 
adapte  a  I'echelle  des  grandeurs  aeronautiques. 


3.2.1-  Oue  peut-on  tirer  de  1 'exploitation  exclusive  de  la  distorsion? 

Les  connaissance  actuelles  ne  perraettent  pas  de  predire  le  benefice  sur  la 
perception  3D  que  I'on  peut  attendre  de  dispositifs  ou  la  distorsion  binoculaire  est  le 
soul  element  differentiel  d'une  image  a  I'autre.  si  I'option  devait  etre  def initivement 
faite  d'un  visuel  de  casque  a  double  prises  de  vue  paralleles,  ces  etudes  devraient  etre 
menees  et  determinoraient  I'apport  attendu  dans  la  representation  tridimensionnelle  de 
I'cspace. 


3.2.2-  Si  les  axes  de  visee  des  capteurs  convergent  en  un  point  de  I'espace, 
il  faut  que  les  disparitds  entre  les  images  soient  suffisantes  pour  avoir  une 
signification  pour  le  traitement  binoculaire. 

Cost  typlguement  .le  cas  d'un  ecart  entre  les  capteurs  supdrieur  a  I'ecart  inter- 
pupillaire.  Les  differences  entre  les  images  sont  ainsi  plus  grandes  mais  elles  doivent 
roster  tolerables  pour  une  fusion  perceptive  par  I'opdrateur.  Il  apparait  alors 
necessaire  de  ddterrainc;:  les  oomposantes  de  1' image  qui  conditionnent  la  mise  en  ceuvre 
adaptde  de  la  binocularite.  Les  consequences  en  sont  immediates  quel  que  soit  le  type 
d' image  utilisd  dans  la  visualisation.  Pour  des  images  de  simulation  ou  pour  3a 
symbologie,  elles  conditionnent  la  synthdse  des  stimulations  visuelles  ;  pour  des  imager 
issues  du  monde  reel  par  1 '  intermediaire  de  capteurs,  dies  veiifient  le.  presence  des 
eld.Tients  cfficaces  a  la  binocularite  dans  la  stimulation  ou  orientent  les  ddveloppements 
techno logiquos  pour  qvi'ils  y  soient  introduits. 

Une  etude  menee  avec  des  stimulations  de  synthese  au  contenu  en  frequences 
spatiales  tres  selectif  a  ainsi  mis  en  evidence  la  dependance  des  capacites  de  fusion 
binoculaire  au  contenu  frequentiel  spatial  de  stimulations  stereoscopiques  (Ref. 20) 
Lors  de  la  presentation  d’une  disparite  horizontale  donnee  entre  les  stimulations 
haploscopiques,  la  fusj-on  peut  s'exercer  selon  deux  modalites  t  la  premiere  ne  met  en 
jeu  que  des  processus  neuronaux  et  assure  une  fusion  d'emblee  pour  une  gamrae 
relativement  limitee  de  disparites  ;  la  seconde  intervient  pour  des  disparites 
superieures  jusqu'a  ce  que  soit  atteint  le  seuil  de  fusion  maximale,  elle  fait 
intervenir  des  mouvements  de  vergence  reflexes  (convergence  ou  divergence  selon  le  type 
de  disparite)  et  requiert  d'autant  plus  de  temps  pour  acoeder  a  la  fusion  que  la 
disparite  en  cause  est  importante.  Les  deux  oomposantes  de  la  fusion  binoculaire 
s'oxercent  sur  de  plus  grandes  etendues  de  disparitds  horizontales  lorsque  la 
stimulation  est  oonstituee  de  basses  frequences  spatiales.  La  presence  simultanee  dans 
la  stimulation  de  frequences  spatiales  associees  a  des  domaines  de  fusion  tres 
differonts  permet  de  se  rapprocher  des  capacites  de  fusion  autorisees  par  la  frdquenco 
la  plus  basse  qu'il  s'agisse  de  la  fusion  neuionale  ou  de  la  mise  en  jeu  de 
I'oculomotricite  reflexe.  Ce  dernier  resultat  est  intere.ssant  pour  la  fusion  des  images 
vehiculant  de  1' information  qui  sont  toujours  des  stimulations  visuelles  a  contenu 
frequentiel  complexe.  La  gamme  des  disparites  disponibles  dans  des  visualisations 
stereoscopiques  dont  la  fusion  binoculaire  est  imperative,  n’est  pa.s  reduite  a  cells 
associee  aux  hautes  frequences  spatiales  ;  les  bastes  frequences  constituent  1' element 
determinant  pour  la  sollicitation  optimale  des  capacites  de  fusion  binoculaire. 

La  variabilite  inter-lndividuelle  dans  le  traitement  des  stimulations  dediees  aux 
deux  yeux  existe  a  tons  les  niveaux  ce  qui  pose  en  consequence  le  probleme  de  1' aptitude 
a  I'utilisation  de  ces  divers  visuels  de  casque.  Les  methodes  d'evaluation  des 
caracteristiques  blnoculaires  des  personnels  navigants  ne  semblent  pas  pouvoir 
constituer  un  element  de  reponse.  En  effet,  elles  v6rifient  I'existence  d'un  sens 
stereoscopique,  determinent  la  position  anatoraique  resultant  de  I'equilibre  oculomoteur 
et  la  resistance  de  la  fusion  a  une  contraintc  en  diirparite  exercee  de  fagon  croissante, 
Il  n'est  en  aucun  endroit  pris  en  compte  les  caracteristiques  psycho-physiques  des 
stimulations  employees  qui  cependant  influent  sur  les  capacites  de  traitement  de  la 
vision  binoculaire  comme  e’est  le  cas  pour  la  composition  en  frequences  spatiales.  La 
fusion  n'est  pas  non  plus  evaluec  sur  un  mode  actif  par  la  determination  de  I'etendue 
des  disparites  horizontales  qui  peuvent  donner  lieu  a  une  fusion  sensorielle  lors  de 
leur  presentation  haploscopique.  De  nouveaux  tests  de  la  vision  binoculaire  devraient 
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etre  d6velopp6s  et  mis  en  oeuvre  qui  prennent  en  compte  ces  paramfetres  et  assurent  une 
Evaluation  fonctionnelle  dos  capaoitEs  binoculaires  (REf.21). 

Ii'interet  en  a  dEja  EtE  montre  par  la  determination  des  capacitEs  de  fusion  de 
sujets  modErEment  hetEropnoriques  pour  des  stimulations  au  contenu  frEquentiel  variable. 
II  en  resulte  une  categorisation  des  sujets  non  plus  sur  leur  degrE  d'hEtErophorie  mais 
sur  leurs  capacitEs  d’ utilisation  de  leur  vision  binoculaire  donnant  lieu  E  un  domaine 
de  fusion  comparable  ou  non  a  celui  d'une  population  de  rEfErence  (REf.22). 

3.2.3-  Le  benefice  de  la  binocularlte  peut-il  etre  raaintenu  indEpendamment  de 
la  localisation  du  point  de  convergence  des  capteurs  en  concordance  avec  le  point  de 
fixation?  C'est  a  dire  peut-on  s'affranchir  de  I'adaptation  en  continu  de  la  fonction 
accommodation-vergence? 

En  ce  qui  concerne  1' accommodation,  il  ne  devrait  pas  y  avoir  de  probiEme  car  les 
distances  aeronautiques  sont  de  grande  dimension.  Dans  ce  domaine  de  I'espace 
1 ' accommodation  varie  peu.  Ceci  est  congruent  avec  les  profondeurs  de  champs  des 
systemes  optiques  Egalement  de  grande  dimension. 

Le  probleme  de  la  convergence  des  axes  de  visEe  est  tout  autre  puisqu'il 
conditionne  directement  la  valeur  de  la  disparitE  horizontale  absolue  crEEe  par  le 
systeme  de  prise  de  vue.  Cette  question  non  rEsolue  est  dEtermlnante  pour  1' utilisation 
de  visuels  complEtement  binoculaires. 

3.2.4-  L' interprEtation  des  disparitEs  rEslste-t-elle  au  bruit  aEronautique? 

Lorsque  1' information  est  obtenue  a  partir  d'un  capteur,  celui-ci  est  soumls  a  des 

contraintes  donnEes  de  1 ' environnement .  Les  effets  qui  en  dEcoulent  pour  1' image  sont 
transmis  identiques  aux  deux  restitutions  d'un  dispositlf  bi-oculaire.  En  prenant 
I'exemple  d'une  vibration  appliquee  au  capteur,  la  fusion  binoculaire  s'effectue  sur  des 
stimulations  ayant  la  mema  frEquence  de  vibration,  sur  la  meme  amplitude,  toujours  en 
phase.  Les  donnEes  obtenues  sur  la  tolerance  aux  disparitEs  de  distorsion  dans  la 
restitution  de  1' image  sont  transposables. 

Quand  les  capteurs  sont  dupllguEs,  les  contraintes  locales  peuvent  varler  de  I'un  a 
1' autre.  Le  traitement  binoculaire  doit  continuer  d'extraire  1' information  de  relief  en 
neutralisant  le  bruit  majore  du  signal  visuel.  En  conservafit  I'exemple  de  la  vibration 
des  capteurs,  quelle  tolErance  a-t-on  lorsque  la  frEquence  de  vibration,  1' amplitude 
different,  avec  ou  sans  dEphasage  d'un  oei  1  a  I'autre?  De  nouvelles  donnEes 
expErimentalcs  sont  ici  nEcessaires  pour  dEterminer  la  capacite  de  traitement 
binoculaire  en  fonction  de  ces  fluctuations  dynamiques  des  stimulations  appariees. 

3.2.5-  PondEratlon  entre  les  facteurs  monoculaires  et  binoculaires. 

La  sensation  resultant  du  traitement  de  1 ' information  binoculaire  est  une 
perception  de  distance  relative  par  rapport  au  point  de  convergence  des  capteurs.  Elle 
se  dEveloppe  chez  I'homme  par  1' interprEtation  des  disparitEs  horlzontales  liEes  a 
I'Ecartement  physiologique  des  capteurs  oculaires.  Le  bEnefice  que  I'on  peut  attendre 
d'une  prEsentation  stErEoscopique  de  1' information  issue  du  monde  reel  est  fortement 
dEpendantc  des  donnEes  quantitatives  en  distance  que  I'on  peut  extraire  de  la  disparitE 
horizontale  produite.  La  transition  d'une  perception  de  profondeur  dans  des  conditions 
de  prise  de  vue  modifiees  sous-entend  une  forte  interaction  entre  facteurs  monoculaires 
3D  et  binocularitE  pour  1' interprEtation  gEnErale  des  formes  en  relief  et  1' estimation 
de  la  distance  absolue  du  point  de  fixation. 

Des  resultats  expErimentaux  manquent  concernant  la  perception  des  distances  E  partir  de 
dispositlf s  binoculaires  exacerbant  les  disparitEs  horlzontales. 


4-  SYNTHESE  ET  PROPOSITIONS 

4.1-  Visuel  de  casque  et  tache  de  pilotage. 

Les  objectifs  attendus  des  visuels  doivent  etre  clairement  dEfinls  en  fonction  de 
la  tache. 

Dans  le  cadre  de  la  restitution  d'imagerie  issue  du  monde  rEel,  1 ' exploitation 
maximale  de  la  binocularitE  n'est  obtenue  que  par  les  visuels  binoculaires  convergents  E 
recouvrement  complet  de  champs  de  vision  monoculaires.  Le  corollaire  en  est  une  perte  en 
champ  total  d'ou  une  diminution  des  indices  monoculaires  3D  et  des  ElEments  les  plus 
periphErlques  utiles  i  1' orientation  spatiale.  En  contre  partle,  il  exlste  un  gain  en 
resolution  en  distance.  En  attendant  que  les  dispositlf s  de  visuels  de  casque  soient 
plus  completement  adaptEs  aux  donnEes  de  la  physiologle  visuel le  pour  permettre 
1' utilisation  des  propriEtEs  de  la  vision  centrale  et  de  la  vision  pEriphErique,^  un 
choix  eat  a  opErer  dans  cette  alternative.  Il  repose  excluslvement  sur  la  tache 
principale  du  pilote  pour  la  priorite  que  I'on  donne  aux  ElEments  de  1' information. 
Faut-il  neutraliser  1' information  binoculaire  sur  la  perception  des  distances  et 
privilegier  I'extension  latErale  des  champs  de  vision  pour  favoriser  1 ' interprEtation 
des  ElEments  pEriphEriques?  Ou  1' inverse? 

4.2-  Cas  de  la  simulation. 

La  simulation  offre  un  contexte  particulier  poui  u’l  v  i  .  el  de  casque  binoculaire. 
On  s'affranchit  de  tous  les  problemes  de  contr'' lo  des  capteui  v  “t  des  fluctuations  dans 
leur  mise  en  oeuvre.  On  amEliore  la  reprEc  ..itation  do  l'esp»t.'-  slmulE.  >'  exemple  de 
I'intEret  de  la  stErEoscopie  est  donnE  par  I'Evaluation  des  dis.  ces  et  la  rEallsatlon 
d'une  tache  de  pilotage  prenant  en  compt  ■  la  perception  3D  do  'environ’'enient  dans  la 
cadre  d'une  simulation  de  ravltalllement  en  vol  (Ref. 23).  Unt  o  mparaiSwA  des  donnEes 
rEsultant  de  moyens  de  visualisations  monoculaires,  bi-oculaii  s  et  binoculaires  ne 
montre  pas  de  dlffErence  pour  I'estlr citron  de  la  distance  v  court  de  phases  do 
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ravitaillemcnt  en  vol  automatlque.  Pat  centre,  lots  de  1' execution  de  la  tSohe  do 
pilotage,  la  performance  est  slgniflcatlvement  am61ior6e  en  visualisation 
st^r^oscoplque,  la  jonctlon  avec  le  panler  de  ravitalllement  se  falsant  i  la  distance 
approorl4e,  tandls  gu'en  visualisation  monoculalre  ou  bi-oculaire  on  asslste 
systSmatigueraent  i  un  rapprochement  abuslf  du  ravltailleur .  A  noter  yue  cette 
amelioration  objective  de  la  performance  n'ent  pas  ressentie  per  les  pilotes  qui 
rapportent  une  relative  Inhabllete  due  au  changement  impose  dans  leur  procedure 
habltuelle  de  ravitalllement.  Si  la  perception  des  distances  est  ameiloree,  le  contrdle 
de  I'horisontalite  de  1' avion  est  altere  ce  qui  est  k  rapporter  A  la  restriction  de 
chimip  attachee  aux  dlsposltlfs  stereoscopiques. 

4.3-  Cas  de  la  symbologle. 

Outre  ] ' utilisation  des  caracteristlques  de  la  vision  binoculaire  pour  la 
perception  du  monde  exterieur,  1' introduction  d'une  dlsparlte  horisontale  entre  les 
composants  homologues  de  la  symbologle  dedids  A  chaque  oeil  offre  un  nouvel  element  de 
codage  de  1' information,  et  ce  dAs  qu'll  exlste  une  zone  de  recouvrement  des  champs  de 
vision  monoculalres  aussl  redulte  solt-elle.  Le  traltement  en  parallAle  de  la  dlsparlte 
liorizontale  favorlse  le  deial  de  la  prise  d'lnformation  et  la  selection  d'un  paramAtre 
dc  la  symbologle.  Ce  type  de  codage  est  done  particullArement  adaptA  aux  situations 
d'alerte  dans  1' interface  homme-systAme.  Il  ne  reste  qu'A  tenir  compte  des 
crractAristiques  psycho-physique  du  stimulus  selectlonnA  pour  1' adaptation  de  la 
di.sparlte  horizontale  aux  capacitAs  de  fusion  A  respecter. 


CONCLUSION 

La  vision  binoculaire  constitue  un  AlAment  directement  dlsponible  de  la  perception 
de  1 ' envlronnement  pour  contribuer  A  I'Alaboration  de  la  representation 
trldlmenslonnelle  interne  de  la  situation.  Le  couplage  du  visuel  de  casque  A  la  position 
de  la  tAte  le  fait  apparaitre  comme  support  prlvllegiA  pour  la  mlse  en  oeuvre  de  ces 
capacltAs  blnoculalres  dans  le  cadre  aAronautlque  oil  la  representation  de 
1' envlronnement  a  d'autant  plus  d'lmportance  que  la  reaction  du  pllote  doit  etre  adaptAe 
dans  chaque  dimension  avec  une  contralnte  temporelle  maxlmale. 

Si  les  proprietAs  de  la  vision  binoculaire  ne  devalent  pas  etre  utlllsAes  dans  un 
futur  visuel,  mieux  vaudralt  ne  pas  multiplier  les  problAmes  d’ interface  homme- 
vlsualisation  en  dupllquant  les  capteurs,  mais  au  contralre  lut'cer  au  mieux  centre  les 
dlsparltAs  parasites  entre  les  Images  dAdiAes  A  chacun  des  deux  yeux  pour  Avlter  quelles 
ne  donnent  lieu  A  interpretation  en  termes  d'lnformation  binoculaire.  A  1' inverse,  pour 
espArer  disposer  des  avantages  potentiels  d'un  visuel  binoculaire,  1' ensemble  des 
proprietAs  d' analyse  de  la  blnocularltA  dolt  pouvolr  s' exprimer.  Cela  sous-entend 
I'Alaboration  d'un  visuel  "totalement"  binoculaire  oil  la  convergence  des  axes  de  vlsAe 
des  capteurs  est  un  AlAment  essentiel.  Ses  llmltes  d' utilisation  sont  fournles  par  la 
capacite  de  transposition  de  la  chaine  d'acqulsition  des  donnAes  visuelles  pour  la 
conservation  d'un  traltement  de  1 ' inf ormatlon  stArAoscopigue.  En  tout  Atat  de  cause, 
1 ' equivalence  entre  visuel  de  casque  binoculaire  et  deux  yeux  stlmulAs  par  deux  sources 
Images  ne  peut  etre  Atablle  aussi  facilement. 
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ABSTRACT 


The  Army  requirement  to  fly  helicopters  at  low 
level  at  night  led  to  the  development  and 
fielding  of  night  vision  pilotage  sensors.  These 
sensors  have  included  image  intensificrs  (I  2) 
operating  in  the  near  infrared  as  well  as  8  to  12 
micron  thermal  imageis.  The  design  of  current 
pilotage  sensors  w''s  driven  by  available 
technology.  There  were  no  clear  data  for 
optimum  pilotage  sensor  design,  to  enable  the 
designer  to  trade  off  sensor  field  of  view  (FOV) 
and  resolution  or  to  predict  the  performance 
increase  which  could  be  obtained  by  increasing 
sensitivity.  The  Center  for  Night  Vision  and 
Electro-Optics  (CCNVEO)  is  establishing  design 
criteria  for  night  pilotage  sensors.  Our  program 
includes  flight  experiments  to  define  sensor 
characteristics  which  optimize  flight  tasks  as 
well  as  assessments  of  the  performance  of 
fielded  systems.  We  conclude  that  terrain  flight 
can  be  accomplished  with  reasonable  pilot 
workload  using  a  head-tracked  sensor  with  40 
degree  FOV  and  0.6  cycles  per  milliradian 
(cy/mrad)  resolution. 


Larger  FOV  or  better  resolution  will  lessen 
workload  and  improve  confidence;  however,  the 
ability  to  resolve  scene  detail  of  0.6  cy/mrad  is 
essential  and  should  not  be  traded  for  increased 
FOV.  Further,  a  pilotage  system  which  provides 
both  thermal  and  1 2  imagery  will  significantly 
enhance  system  capability  to  support  a  variety 
of  flight  tasks  under  a  wide  range  of 
environments.  We  also  conclude  that  solid  state 
cameras  with  detector  dwell  time  equal  to  the 
standard  video  field  rate  are  not  suitable  for  use 
in  helicopter  pilotage  systems.  The  long  dwell 
time  leads  to  image  blur  due  to  the  head  and 
scene  motion  associated  with  many  pilotage 
tasks. 
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HfimM  MounM  Dtefilays:  Human  Pacloni  and  Fidelity 

Peter  LN.  Ntesh  and  Helen  J.  Oudfield 

Human  Factors  Division, 

Flight  Systems  Depalment, 

The  Royal  Aerospace  Establishment, 

Famborough,  Har^.  U.K. 

Halmei  mounted  (faptey  (HMD)  syslrnt,  or  Itw  kind  atte  to  prasem  veiie  has  been  termed  vinuil  reality, 
«dl  not  be  abto  to  pneeni  a  oomplete'ytelthU  rendering  or  ttwwxid.  This  peper  ahOM  how  rwv-HMO 
lermrlogy  may  be  used  »  aseese  tie  eflbcts  d  this  deSdeney.  Throe  aspects  of  the  helmei  mountod 
system  M  oonsidsiod,  and  exporfments  are  reported,  nMch  were  deelgned  to  determine  tw  degree  Of 
reality  requirod  In  tyabfsegulpmenL  The  arosi  covered  are  time  lag  In  the  (l8play,t)e  need  tor  colour 
and  the  use  of  3-0  souid.  It  is  oondudsd  that,  tor  tie  parameters  considsied,  cunentty  available 
lechnotogy  Is  able  ID  produce  attmi  NMch  are  adequate  tor  tie  anilcipalsd  use  of  HMOe. 


MTflOOUCTICN 

There  is  «i  increadng  acceptance  tat  pitolt  in  e  B  hSure  wM 
reoeiws  at  least  sortie  of  their  necessary  light  Mormalton  via 
helmet  mounted  4apiiys(HM0B).  Omt  and  above  lie  obilous 
phystoal  probleins  which  wl  have  to  be  addmaadL  auoh  as  t« 
effecto  of  increased  mass  and  lie  placing  of  lie  centre  of 
gravity,  liere  wi  toevKabty  be  the  more  cognitive  human 
factoniaaueatotesotve.  There  wcUd  be  no  such  probisms 
(or  at  least,  r»  mote  lian  at  pretrnt),  if  tt«  hstoiet  dtopiay 
could  be  maito  to  present  lie  pitot  wtti  a  view  tdentlcai  to 
lat  which  Is  received  in  a  current  oochptt.  However,  it  is 
dear  fial  ilyebti  systoms  wl  not  in  the  foreaeesbls  Mure 
be  able  to  grmerato  outside  woito  wews  vSii  sudr  MeWy. 
The  dhiptay  ot  Icpl  dale  pniesnts  toss  of  a  problem,  in  lie 
sense  liet  I  would  not  be  dNIouK  to  present  a  iMuel  veriion 
of  Da  currant  codqglllnilruaMnMileri.  However,  given  lit 
Mxiblily  which  f«  vMud  world  wU  Oder,  I  wouM  be  worli 
oonsidi^  navel  designs  of  dtoptoy,  whtoh  may  pmve  to  be 
bettv  tisncunonliyiteim.  inordirlotiptoriliesemaiMn 
Mther,  In  Hunan  Factors  Onoup  of  tea  Royal  Asnspace 
EstabMhment  hee  coaimttdened  Vie  devetopmert  of  high 
peiMmatue  HMD  eyteem,  to  be  bum  by  an  Indusirtal 
consortium.  ThteyUwnwIaoinprtoebolilishtlinatinauraid 
optics,  and  f»  hardware  md  software  to  drive  Iri  dtaptiys. 
tt  is  hoped  liat  lit  package  wl  make  I  poedble  to  arttees 
Iw  Mndi  of  IsiuN  Maed  above,  but  In  t«  maan  liw  some  Of 
Vto  mom  cnietol  quariora  rnay  ba  anavmced,  at  iaasl  In  part, 
without  raooursa  to  lha  halniat  mounted  aquipmant; 
aeperkiientoiiiteilaisawdcteiparaluiiiitybauM^  Ttoea 
such  tbidtos  wl  ba  reported  hem. 

SVSTBMtJIQ 

DiacuiMocto  wMi  pVoto  tntett  I  etov  M  lity  are  dWnobied 
to  tty,  aa  tiay  deaotoa  R,  idti  Biair  haadt  in  a  buchtri 
TbtyiiMitoaM  the  ouMdi  world.  AtNumofHMDi 
becoinat  inom  widiipmad.  Iwn  a  M  aootptuioa  u  tto  drtol 


world  mqr  avolvt,  but  tor  Iw  preeanl,  most  pHob  are  prepared 
only  to  use  eome  of  lie  HMD  beneiRt  al  of  lie  Ime  and  al  ol 
lie  banilii  aoma  of  lia  Mw.  Tha  poitnVal  advantage  of 
being  Inaietod  born  lit  outidi  It  dtlMely  one  tor  occasional 
usti  However, » It  deernedendriiyieeepliibte  list  Ito  outside 
viewbesr«ianoed,byaccenlngtMtumtollmpottBnce.  This 
iselly  wl  require  lad  lu  helmet  oonlaine  a  beam-spMting 
toteum,  to  imrmtt  limulanaous  viawkig  of  IM  prpjectod  hna^ 
and  Via  teal  world  eoaria.  From  a  tonato  data  base  RwUVien 
ba  potsRda  to  predict  Via  locatione  of  features  In  the  light 
paVi  atto  so,  tor  ssNnpti,  to  highlght  ebtiacles  such  as  power 
bits  and  chfeMiayt.  Such  obavicitonirriHys  also  be  delected 
by  meaib  of  active  sensors,  iriVi  the  intormalton  being  fused 
with  Vtoioinedeta  base  (t).  Tt«  HMD  would  generate  a 
tlylaed  symbol  of  the  obetadt,  «Mi  which  to  overlay  tie  real 
world  liruclum.  The  benelRs  ol  such  an  alerting  system  in 
poor  vIsRilRy,  low  level  night  am  otvtoui. 

An  eeaemw  requiremeni  of  an  obetacto  cueing  system  Is  that 
Vie  euH  am  diiptayad  in  the  correct  place.  RwWnotbe 
dVRcuR  to  determine  Vie  exact  tocqlion  of  Vw  aircraft  and 
hanct  aaieet  Via  appropriate  portion  of  Vie  data  base. 
ttowiver.toditirmlnepmUiilywhiimtodim»Vie»>Tnbalegy 
to  V»  HMD,  tefclig  accoum  of  tw  aircmn  alllude  and  plon 
bead  poslton,  wR  mquM  lorw  conilderitiie  r^mpulatlona) 
power.  towl^.ttocatoitofcnetovolvadwitikaVma.  This, 
totum,wilgh«iliatoato0toVietyatnn.  Such  a  (May 
weiid  not  prove  a  ptobisffl  to  avaight  and  levei  Rghi.  tor  R 
ooutdbaMowsdtortoViioonqwtotioni.  Howavsr,  tofttom 
tag  tiMqi  prova  toMtoteMM  duing  mpW  rnsnoaui^  Tha 
dilcUtyRtiMteiiplyVMRtovmtidiRtyrobctoiiiiaynotongar 
ba  preetoaty  ooteeaiad  wiin  V»  cued  objaeii;  Vw  daiayad 
taapotiia  of  Via  syitein  wil  Mao  give  airoriious  tosdbaek  on 
abcmRaiRute.  Con8idar.lortxampto,ViasRualon«iwm 
Via  plot  iriRlatoa  a  rapid  lol.  R  Via  otiitecli  cuss  am  not 
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redri.wn  sufticiently  quickly,  they  wW  roll  with  th«  'plane.  If 
the  cues  are  salient  (and  they  should  he,  K  lhay  are  to  serve 
their  warning  function)  then  they  will  tend  to  override  the 
real  world  information,  and  suggest  tc  tho  pilot  that  no  roll 
has  as  yet  taken  place.  It  is  dear  that  a  significant  system  lag 
wodd  be  potentiaily  dangerous  «xl  consequedly  uroxepiable. 
An  experiment  was  conducted  to  determine  the  maximum 
permissible  lag  for  such  a  system.  It  formed  part  of  a  series 
of  experiments,  addressing  the  Issue  of  obsta^  cueing  more 
widely  (2). 

Apparatus 

A  wooden  static  cockpit  mock-up  was  used,  built  around  a 
Tornado  ejection  seat,  with  Tornado  stick  and  throttle.  These 
controls  were  linked,  via  potentiometers  and  A-to-0 
convs'ters,  to  a  pc  computer.  This  controled  a  flight  model, 
and  was  in  turn  linked  via  ethemet  with  an  Iris  workstation, 
which  dealt  wilh  Image  generation.  The  images  were  displayed 
by  projection  from  a  Barco  video  projector,  directed  at  a 
scrvon  on  the  wall  in  iront  of  the  cockpit.  The  background 
view  was  derived  from  a  terrain  data  base,  drawn  as  a 
patchwork  of  200m  squares,  with  sun  angle  shading.  This, 
and  all  other  components  of  the  display,  was  presented  in 
monochrome  green.  Superimposed  upon  the ‘outside  workT, 
a  head^  display  viras  also  projectod.  Thus,  toe  HUO  was  not 
a  physical  en%,  but  toe  syrntntogy,  which  was  In  the  standard 
RAF  fast-jet  format,  was  projecM  to  subtend  the  normal 
angle  from  ttxi  pilofs  position.  Also  combined  with  the  data 
base  were  a  series  of  obstnicttons,  such  as  power  lines,  pylons 
arto  cooKng  towers,  wMch  were  computer  generated  graphics, 
located  in  Ihe  terrain  by  toe  experimenter,  in  advance  of  toe 
experiment.  Finely,  a  set  of  stylised  obstacle  symbols  was 
avaiafale,  and  the  appropriate  cue  ooiM  be  superimposed  upon 
an  obstacle,  as  it  appeared  in  the  light  path. 

Subjects 

The  experimental  subjects  were  eight  test  pitots,  experienced 
with  fast  jets,  familiar  with  the  concept  of  obstacle  cueing, 
and  with  some  experience  of  FUR,  r4i  heatkp  and  hsarFdown 
displays. 

Mstood 

A  predefined  comae  was  set  up  in  the  (teta  base,  wilh  obstacles 
pl^  along  Its  length.  The  course  was  defined  by  a  series  of 
waypoints,  each  being  represented  on  the  display  iiy  a  large 
X,  as  the  pitot  came  wNMn  visual  range.  They  thus  appeared 
to  be  superimposed  upon  toe  scene,  just  as  toe  obstacle  cuss 
were.  Pitots  acquired  the  correct  heading  between  waypoints 
by  means  of  a  track  index,  art  upward  pointing  tetowhead,  just 
below  toe  heating  tape  at  the  top  of  toe  HUD.  Plots  were 
instructed  to  follow  toe  course  at  a  spaed  of  approximately 
350  knts  and  to  r'lintain  a  height  of  200  ft  Departures 
from  this  height  were  recorded  as  root  mean  square  (rms) 
error.  Additionally,  each  subject  completed  a  detailed 
questionnaire,  highlighting  dUliculties  and  advaniges  of  the 
obslacia  cueing  system. 

Lag  MS  lntritolucitK|  |)to  the  obstaito^^c^^ 


one  frame,  to  a  maximum  of  five  frames.  The  display  frame 
rate  was  approximately  7  Hz,  so  lags  were  between  zero  and 
700  ms.  In  steps  of  140  ms.  For  half  the  flying  time,  the  pilot 
was  forced  to  continue  the  mission  as  best  he  could,  under  the 
five  experimenter-imposed  lag  times.  During  too  remainder 
of  toe  trial,  the  pilot  had  the  option  of  cancelling  the  lag.  It 
increased  during  tNs  period  In  steps  of  one  frame,  at  the 
rate  of  one  step  per  80  frames.  At  any  point  the  pilot  could 
press  a  siick-mounted  switch,  to  reset  the  lag  to  zero.  The 
lag  magnilude  at  which  the  pilot  reset  was  monitored. 

neauitt 

The  mean  point  of  lag  resetting  lay  between  2  and  3  frames. 
This  result  corresponded  well  with  pitots'  subjective  reports 
cl  the  level  at  which  they  found  lag  to  be  damaging  to  their 
performance.  Tne  finding  suggests  that  lags  should  be  kept 
below  300  ms.  However,  an  examination  of  the  flight  data 
(Figure  1)  suggested  that  even  more  stringent  timing  will  be 
required  An  analysis  of  variance  on  the  error  scores,  under 
the  six  levels  of  lag  (0  -  5  frames)  revealed  a  highly  significant 
effect  (p<{).001).  Individual  comp^sons,  by  the  Neumsn-Keuls 
test,  showed  that  even  the  luwest  lag  duration  (140  ms) 
produced  significantly  (p<0.05)  worse  performance  than  in 
toe  no-lag  condition. 


Ftemes  of  Lag 
Ftgurel  Lag-Induced  height  errors. 

Oonduteon 

With  toa  non-HMD  technology  described  It  has  obviously  been 
possible  to  gain  acme  Indicalion  of  toe  level  of  lag  which  will 
be  toletable  in  a  helmet  mounted  system,  citoough  it  was  not 
possible  vrito  toe  equipment  avalable  to  determine  toe  precise 
magnitude  at  which  lag  has  a  measurable  effect  upon  flight 
performance.  It  is  Interesting  to  note  that  smal  degrees  of 
tag  would  not  be  delrimenlal  In  a  completely  erxtosed  HMD,  It 
is  the  separalion  of  synthetic  Image  from  real  counterpart 
which  causes  toe  dHn^.  if  gl  toe  scene  were  syntoetc, 
thedifficuttywpcidbe.resolvBd:  ,, 


THE  USE  OF  COLOUR 

The  real  wortd  la,  ol  course,  coloured  and  in  anempis  to 
represent  it  there  Is  a  natural  inclination  lo  use  a  polychrome 
display.  However,  to  Inoorpnrale  colour  in  a  HMD  wil  aknost 
certainly  exact  penalties  In  cosL  weight  and  oomp^aidly.  Many 
designere  would  breath  a  sigh  of  r«Uel,  if  it  could  be  shown 
thit  the  use  of  colour  was  not  ecdontial  to  good  flyingl  The 
Animal  Kingdom  offers  conflicting  dues  on  the  matter. 
Disquietingly  for  the  designers,  the  birds,  the  natural  fliers, 
do  have  colour  vision.  However,  Ms  seems  in  large  part  to  be 
linked  to  thek  coloured  plumage  and  its  use  ir.  activities  such 
as  courtship  rituals.  Most  of  the  mammals,  including  the  high¬ 
speed  hunters  like  the  Big  Cats,  survive  very  wsH  In  a 
monochrome  world.  For  a  HMD,  a  compromise  position  may  be 
possible,  using  a  two-colour  system,  such  as  is  provided  by 
the  Penstron  crt.  Although  tfre  outside  work!  could  not  be 
painted  with  great  fidallty.  at  least  primary  flight  data  ooukl 
be  given  additional  saliency,  by  suitable  choices  of  colour.  If 
the  HMD  were  being  used  prindpally  in  the  transparent  mode, 
then  there  would  not  in  any  case  be  a  need  for  produdng  a 
coloured  cutsideKow. 

It  was  dedded  to  make  a  comparison  of  the  effectiveness  of 
monochrome,  bi-chrome  and  full-colour  HUD  symbology  and  to 
introduce  factors  which  might  plausibly  be  expected  to 
nodulate  any  beneficia!  effects  of  redundant  odour  coding. 
Thus,  workload  would  be  increased,  siTice  ft  might  be  expeclsd 
that  the  putative  advantages  of  colour  may  only  b^me 
apparent,  when  the  overall  task  difficulty  is  high.  The  second 
factor  to  be  manipUalsd  would  be  eutijectexperionoe.  Although 
a  highly  practised  subject,  entirely  familiar  with  a  monochrome 
HUD,  may  not  show  any  performance  improvement  on  the 
introduction  of  cdour,  the  same  may  not  be  true  tor  a  naive 
subject.  If  the  colour  wsiO  being  used  redundantly,  then  the 
additional  information  might  be  expected  to  facilitate  the 
acquisition  of  the  flying  skil. 

Apparatus 

The  equipment  used  was  identical  to  that  described  above, 
with  the  addition  of  a  voice  recogniiion  system,  which  was 
used  in  a  secondary  task,  designed  to  Increase  workload.  The 
background  scene  remained  in  monochrome  green,  as  was  the 
HUD  symbology  in  the  monochrome  conditton.  However,  tor 
the  Penetron  simulation  red  and  amber  were  introduried, 
permitting  the  use  of  three  colours,  red,  green  and  amber,  on 
the  HUD.  For  the  full-cotour  condlllon,  those  three  colours 
were  augmented  with  brown  and  blue. 

Subjects 

Eighteen  subjects  were  tested,  half  being  experienced  civil 
pilots  and  simulator  personnel,  and  the  remainder  non-flying 
personnel  from  tie  RAE  and  RAF  Instilute  of  Avialton  Meddns. 
The  intention  wu  to  compare  the  pertormanoee  of  Vms  two 
poputotions,  to  deterrnlne  ariwlter  colour  displays  were  more 
advantageous  to  the  kiexpertonced. 
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Mated 

Subjects  were  required  to  fly  a  pre-marked  course,  as 
described  in  the  earlier  experineni  They  were  asked  to  keep 
within  a  stringent  flight  profils,  with  a  speed  of  400  knts, 
height  ol  250  ft  and,  as  far  as  possible,  with  wings  level. 
Departins  from  these  parameters  were  recorded.  Subjerriive 
ratings  were  also  taken  from  the  pitots  at  the  end  of  esch 
flight.  For  Ms,  toe  NASA  Task  Load  Index  (TLX)  was  used. 
In  the  odour'  conditions,  which  were  presented  In  balanced 
order  across  subjects,  toe  appropriate  HUD  symbds  changed 
colour,  to  warn  of  discrepancies  from  the  desired  profile. 
Thus,  the  altimeter  display  changed  kom  green,  first  to  amber, 
then  to  red.  If  toe  heigiA  moved  too  far  from  the  desired 
value.  Amber  was  used  when  the  error  reached  ±50  ft,  ther< 
red  at  ±100  It.  Similarly,  colour  changes  occurred  for  errors 
In  speed,  course  and  atlitude.  This  green/amber/red  colour 
coding  was  used  In  bob'  toe  Penebon  and  full-colou  oondllions. 
but  in  the  latter  toe  upprrr  pitch  bars  wore  coloured  due  and 
the  lower  brown. 

The  maintenance  of  toe  flight  profile  was  toe  primary  task. 
As  a  secondary  activity,  pilots  were  requited  from  time  to 
time  to  rntere  direct  voIm  inputs  (DVi)  from  their  head-worn 
microphone.  At  random  intervals  a  three-digit  string  was 
presented.  In  a  box,  just  below  the  lowest  pitch  bars  of  the 
HUD.  These  digits  were  to  be  spoken  into  toe  microphone 
and  were  interpreted  by  the  voice  recognition  system.  The 
latter  then  initiated  a  direct  voice  output  (OVD),  repeating 
toe  digits  vtolch  it  had ’heard*.  These  were  presented  to  the 
pilot,  over  headphones.  If  the  pilot  decided,  from  toe  DVO, 
that  the  string  had  been  correcUy  recognised,  then  he  or  she 
pressed  an  accept  button  on  ihe  stick.  If  there  had  been  an 
error,  the  DVI  had  to  be  repeated.  Training  on  toe  speech 
recogniser  was  carried  out,  before  tt«  experiment  proper. 


RgureZ  Height  errors  and  TLX  ratings  for  Monochrome. 
Penetron  and  Ful  Colour  HUPs. 
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RMUltS 

The  ability  of  pitots  to  maintain  the  required  height  proved  a 
sensitive  measure,  and  was  used  to  assess  the  utility  of  colour 
coding.  It  showed  that  Inexperienood  subjects  performed 
worse  than  pilots  (p<0.001)  and  that,  for  all  subjects,  the 
addition  of  DVI  wu  detrlmentaf  'c  the  primary  task  (p<0.00i). 
There  was  a  significant  (p<0.or)  Interaction  between  the 
subjects'  experience  and  performance  under  OVI,  with  the 
experts  suff^  less  wMh  the  secondary  task.  However,the 
presence  or  absence  of  the  redundarA  colour  Intomiatlon  had 
rxtsignificani  effect  upon  performat)oe(Rgure  2).  In  contrast, 
subjects  reported  a  preference  for  the  colour  HUDs, 
particularly  the  Penetron  version.  The  TLX  scores,  also  shown 
in  Figure  2,  mirrored  these  preferences,  with  the  subjective 
workioad  In  the  Penetron  condition  being  significaritly  lower 
than  both  the  Mi-colour  and  monochrome  conditions  (p<0.05). 

OonckMana 

Clearly  more  research  will  be  required,  to  elucidate  these 
conflicting  results,  and  perhaps  it  should  await  delivery  of  a 
HMD.  At  this  stags  it  would  seem  thaL  by  objective  measure, 
a  monochrome  display  may  be  adequate.  However,  tt  would  be 
preferable  If  possible,  to  provide  a  system  which  was  not  only 
adequate,  but  subjectively  ‘better*  from  the  pilot's  point  of 
view.  Moreover,  Ifie  use  of  colour  coding  may  have  been  sub- 
optimal  in  this  study  and  rather,  more  effective  roles  for  colour 
may  be  identifisd  In  the  future.  Nevertheless,  If  the  addition 
of  colour  Is  for  the  time  being  iinpracvcable,  then  It  would 
seem  that  the  introduction  of  HMDs  need  not  be  delayed,  for 
fear  of  a  performance  decremenL 

3-D  SOUND 

HMDs  wil.  Of  (fourse,  reqiAre  head  tracking  systems,  so  that 
the  appropriate  scene  may  be  generated  in  front  of  the 
wearer's  eyes.  The  presenrm  of  the  head  tracker  makes  it 
relatively  simple  to  introduce  dkecdonal  sound  Into  the  system. 
Such  3-D  sounds  could  alert  the  listener  to  the  direction  of  a 
threat,  or  Improve  situafonal  awareness,  by  making  a  wingman's 
voice  seem  to  come  from  the  appropriate  dkection.  Head 
tracking  is  requlre<d  for  this  Implementation,  since  apparent 
external  sound  sources  will  have  to  appear  Axed,  as  the  plot 
turns  Ns  haari.  Iridesd,  Vis  ability  to  turn  the  head,  and  In  a 
sense  ‘triangulate’  the  sound  source,  may  prove  to  be  an 
Important  pert  o'i  establlsNng  convincing  looaHsation  of  the 
sounds. 

in  comparison  with  the  computational  power  required  to 
generate  moving  stereo  visual  images  for  a  HMD,  the  signal 
processing  needed  for  steieo  sound  Is  rather  trivial  ■  or  at 
leato,mostofllisl  When  a  sound  is  requirod  to  be  perceived 
as  coming  from  one  side,  then  Its  anfval  at  one  ear  wHt  be 
delayed  with  respect  to  the  other.  TNs  Is  easily  achieved 
with  a  (tgital  Itucket-brigads*  delay  fine,  of  variaUo  length, 
to  suit  difterent  apparent  sound  dkections.  The  sounds  at 
the  two  ears  wN  also  need  to  differ  somewhat  in  spectral 
composition,  since  the  tread  acts  as  a  low-pass  filter. 


Consequently,  higher  frequency  components  are  relativsty 
atlsnualsd,  in  the  ear  distal  to  Sw  sound  source.  Although 
somewhat  more  complex  vren  Vre  delay  system,  digital  Niering 
Is  not  difficult  to  Implemont.  It  has  often  treen  stated  (o.g. 
3)  that  these  two  kinds  of  cue  alone  will  be  insufficient  to 
produce  a  convincing  sensation  of  dkertionallty  In  synthetic 
stereo  sounds.  The  missing  component  is  the  effect  of  me 
pinnae  -  the  outer  ear  Raps  -  which  also  modify  Vre  spectral 
composition  of  the  sound.  The  complex  Interactions  between 
the  folds  of  ths  pinna  and  sounds  from  different  dkections 
are  not  amenable  to  simple  calculation.  Thereisasokjltonto 
tNs  problern,  although  one  vvNch  deinands  a  good  deal  of  real¬ 
time  calculallons  to  Implement.  It  entails  generating  a  look-up 
taNe  o<  filter  parameters,  to  represent  head-plus-ear 
performance,  (Tver  the  whole  range  of  possfole  sound  dkections. 
Not  only  does  the  use  of  the  table  require  many  fast 
computs^,  but  It  also  has  to  be  prepared  in  advance.  Ideally, 
a  separate  table  is  needed  for  each  listener,  since  we  do  not 
al  have  ths  same  shaped  ears.  The  RAE  Human  Factors  Group 
has  not  asked  for  tNs  tatter  sopNsticalion  in  the  commissioned 
HMD,  and  an  experiment  has  been  conducted  to  determine  the 
effectiveness  of  a  more  basic  system. 

Apparatui 

Much  of  the  equipment  used  has  been  described  before  (4). 
It  was  built  around  a  Macintosh  computer,  which  controlled 
the  experiment  and  presented  an  on-screen  tracking  task, 
controlled  by  the  mouse.  The  subject  sat  In  front  of  the 
computer,  below  a  horizontal  hoop,  which  carried  eight  equally 
spaced  light  emitting  diodes  (LEDs).  The  subject  wore 
headphones,  through  which  warning  sounds  could  be  played. 
They  ware  prerecorded  on  tape,  and  intended  to  vmm  of  the 
illumination  of  a  LED.  In  addition  to  these  components,  used 
during  Vre  experiment,  a  dummy  head  was  employed  during 
the  recording  of  the  stimuli.  It  was  constructed  of  rubber 
andhadbeencastiromavoluntoer.  ItoearsoonlatoedmMalure 
electret  microphones. 

StonimGeneraflan 

The  warning  sounds  were  simple ‘bleeps*,  with  eight  versions 
synthesised  by  computer  and  taitored  to  sound  as  If  coming 
from  the  eight  LED  directions.  The  synthesis  has  been 
described  fully  In  the  eariter  report.  Of  significance,  the 
spectral  compositions  had  been  selected  on  the  basis  o! 
judgements  by  independent  observers,  who  rated  Vre  adequacy 
of  the  dkectional  sensations  produced.  It  had  beun  shown  in 
the  earlier  experiment  that  these  stimuli  elicited  faster 
orientation  to  an  lluminatod  LED,  Vian  a  simple,  non-dkectional 
wamingeound.  Kvvasrrew  required  to  compare  Vrese  relatively 
unsopNsticatad  sounds  with  those  vrhlch  inoorporalsd  the 
eftects  of  the  pinnae.  To  produce  the  comparison  set, 
recordtogs  were  made  fhrot^  the  dummy  hMd.  Thesame 
synthesised  warning  wu  employed,  usbig  only  the  "baUB' 
version  of  the  eight  This  sound  wu  played  Vv^  a  single 
loudspeaker,  placed  In  turn  In  eigM  poMm  around  Vre  head. 
TIWM  coneqrended  to  the  eight  LED  locations.  Thus,  the 
head  wu  pla^  In  the  subject's  position,  and  warnings  were 
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delivered  Irom  the  LEO  directions.  A  random  sequence  of 
these  prerecorded  warnings  was  used  in  tha  experiment. 

Sul)|scti 

12  subjects  were  used;  students  attending  a  psychology 
Summer  school.  None  was  familiar  wllh  the  subject  of  auditory 
perception,  nor  did  any  have  any  experience  of  piloting  an 
aircraft. 

KIMiOd 

Subjects  were  tested  in  two  conditions,  In  one  using  the  purely 
synthetic  sounds  and  in  the  other  the  sounds  recorded  through 
the  dummy  head.  Order  of  presentation  vwis  balanced  across 
subjects.  Subjects  carried  out  the  tracKing  task,  during  which 
one  of  the  eight  LEDs  would  from  time  to  time  become 
aumlnated.  Each  LED  was  usod  equaly  often  and  tie  ilumlnalion 
sequence  vvas  randomised.  Simultaneously  with  the  turning  or 
of  the  LED,  three  warning  bleeps  were  presented  over  the 
headphones.  The  total  duration  of  the  warning  was 
approximately  0.75  s  and  was  kent  short,  so  that  it  would  be 
terminated  before  head-turning  was  Initiated.  This  was 
necessary,  since  It  was  not  possible  to  modify  the  prerecorded 
sounds  in  real-time,  so  as  to  allow  tor  a  changing  source-head 
angle.  The  LEDs  were  numbered,  and  i^xm  determining  which 
was  illuminated,  subjects  were  lequired  to  type  its  number  on 
the  computer  keyboard.  The  time  taken  from  the  warning 
onset  to  this  response  was  measured. 


Figure  3  Mean  response  times  foUcwing  auditory  warnings. 

Raeulla 

Accuracy  on  the  tracking  task  did  not  differ  between  the  two 
conditions,  but,  contrary  to  what  might  have  been  expected, 
response  times  to  the  LEDs  were  significantly  (p<0.05)  taster 
in  the  purely  synthetic  condition.  This  effect  Is  shown  in 
Figure  3,  which,  tor  comparison,  kicludas  the  mean  response 
time  to  non-directionai  warning  sounds.  The  data  from  these 
'oentrsd' vvarnings  were  obtained  in  the  previous  study. 


OonctHtoni 

It  would  be  unsafe  to  deduce  from  ihe  foregoing  that  synthetic 
stereo  sounds  will  always  produce  a  more  effective  response 
than  a  more  natural  signal.  Before  generalising  too  far,  it 
should  be  noted  that,  although  the  signal  recorded  from  the 
dummy  head  was  in  a  sense  more  realistic,  Its  true  realism 
would  only  have  been  good  tor  the  owner  of  Ihe  original  ears, 
upon  whom  it  was  moulded.  However,  It  would  seem  that,  by 
using  Ihe  ratings  of  several  judges.  It  is  possible  to  produce 
something  approaching  a  ‘generalised  ear*.  The  signal 
processing  required  to  achieve  this  was  extremely  simple,  and 
so  Implies  that  combining  adequate  3-D  sound  with  the  3-0 
vision  of  a  HMD  need  not  be  a  complex  process. 

OVERALL  CONCLUSIONS 

The  three  expen'ments  reported  have  each  addressed  the  issue 
of  fidelity  in  HMDs.  It  is  Inevitable  that  these  devices  will  tall 
short  of  the  ideal;  displays  may  lag  slightly  behind  real-time, 
full  colour  may  not  lor  the  time  being  be  a  practicable  feature, 
and  sounds  will  not  be  as  the  listener  would  have  heard  them 
with  his  own  ears.  There  has  been  an  additional  level  of  infidelity 
in  this  research,  in  that  questions  concerning  HMDs  have  been 
addressed  with  apparatus  which  only  approximates  to  what 
the  real  equipment  will  offer.  Nevertheless,  we  feel  confident 
on  both  accounts.  The  simulation  has  been  adequate  to  provide 
meaningful  answers,  and  the  results  give  cause  for  optimism 
about  the  future  of  HMDs,  even  If  they  preserve  their 
imperfections. 
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SUMMARY 

Helmet-mounted  displays  (HMDs)  enable 
flight  Information  to  be  displayed  within 
the  pilot's  f ield-of-vlew,  regardless  of 
head  position  in  the  cockpit.  The 
present  research  initiates  the 
investigation  of  an  of f-boreslght  HMD 
(OBHMD),  which  appears  when  the  pilot's 
head  position  is  greater  than  20-degrees 
from  the  aircraft's  boresight.  Nine 
subjects  flew  a  simulated,  low-level, 
high-speed,  airborne  surveillance/ 
reconnaissance  mission,  while  monitoring 
a  hostile  adversary  aircraft.  The 
results  Indicate  pilots  were  able  to 
spend  more  time  and  look  further  off- 
boreslght  with  an  OBHMD  than  without  one. 
In  addition,  missions  with  an  OBHMD 
produced  fewer  terrain  Impacts.  This 
research  effort  has  demonstrated  the 
promising  performance  benefits  an  OBHMD 
affords,  as  well  as  the  need  for  further 
research  to  optimize  OBHMD  symbology, 

1 _ INTRODUCTION 

Throughout  the  history  of  avionics 
development,  researchers  have  been 
concerned  with  moving  flight  information 
closer  to  the  aviator.  In  this  case, 
"closer"  refers  to  both  physical 
closeness  and  perceptual  or  cognitive 
proximity.  As  with  the  automobile, 
flight  instruments  have  traditionally 
been  on  a  panel  in  front  of  the  pilot  or 
operator.  This  configuration  required 
the  pilot  to  look  Inside  the  cockpit  to 
receive  necessary  flight  Information.  In 
the  late  1950s,  as  aircraft  became 
faster,  and  weapon  systems  more 
sophisticated,  the  flight  environment 
became  less  forgiving  of  the  time  taken 
to  look  into  the  cockpit.  In  response  to 
these  demands,  the  head-up  display  (HUD) 
was  developed,  effectively  moving  flight 
information  closer  to  the  pilot. 

The  HUD  optically  presents  a  virtual 
image  containing  flight  and  status 
Information,  reflecting  it  fr-om  a 
transparent  combiner  glass  to  the  pilot. 
The  HUD  is  fixed  to  the  top  of  the 
aircraft  instrument  panel  so  that  the 
pilot  can  look  through  the  display  and 
windscreen  in  order  to  view  thj  outside 
world.  Theoretically,  the  pilot  need  only 
shift  attention  between  the  HUD 
information  and  natural  out-the-window 
cues  to  be  aware  of  both  his 
surroundings  and  the  aircraft  status 
(situation  awareness).  The  HUD 
significantly  reduces  the  need  for  the 
pilot  to  look  down  into  the  cockpit,  thus 
minimizing  the  associated  risks  of 
failing  to  sec  an  airborne  or  ground 
threat.  The  HUD  also  enables  unique 
Information,  such  as  the  flight  path 
marker  (FPM),  to  be  displayed.  Tlie  FPM 


symbology  displays  the  aircraft's 
automatically  computed  instantaneous 
velocity  vector,  irrespective  of  actual 
attitude  or  angle-of-attack.  Essentially, 
the  FPM  represents  the  line  or  "wire" 
along  which  the  aircraft  is  traveling, 
and  the  Impact  point  if  the  aircraft  were 
to  continue  on  its  present  course. 
Traditional  instrumentation  required  the 
pilot  to  scan,  interpret,  and  integrate 
Information  from  several  instruments  to 
determine  the  flight  path. 

Over  the  past  several  decades,  aircraft 
mission  environments  have  required  pilots 
to  fly  ever  foster,  at  lower  and  lower 
altitudes,  with  ever  increasing  sensor 
technology  and  weapon  system  capabilities. 
Under  some  conditions,  it  is  now 
dangerous  for  the  pilot  to  view  anj’thing 
other  than  the  outside  world  and  critical 
flight  Information  superimposed  upon  it. 
Whereas  HUDs  limit  information  display 
to  the  forward  f ield-of-view,  helmet- 
mounted  displays  (HMD's)  provide  vital 
information  within  the  pilot's  field-of- 
view  regardless  of  head  position  within 
the  cockpit.  The  HMD  is  coupled  to  the 
head  via  a  three-space  tracker  which 
monitors  the  helmet's  position  within  a 
coordinate  system  of  three  orthogo.ial  (x, 
y.  and  z)  planes  and  updates  the  display 
symbology  or  sensor  position  accordingly. 
According  to  Furness  (1986).  graphics  or 
symbols  presetited  on  the  display  may  be 
stabilized  one  of  four  ways  in  virtual 
space:  1)  head  stabilized:  an  aim-sight 
reticle  and  cockpit-stabilized  switchesj 

2)  cockpit  stabilized:  cockpit  displays; 

3)  earth  stabilized:  navigation 
waypoints  and  surface  target  locations: 
and  4)  space  -t^'Oilized:  other  aircraft 
and  In-filght  missiles. 

Much  like  the  HUD  extended  the  flight 
envelope  in  modern  tactical  aircraft,  the 
HMD  ena.bles  the  pilot  to  perform  missions 
that  are  inherently  dangerous  or 
impossible  without  it.  The  benefits 
afforded  by  the  HMD  ore  somewhat 
Intuitive.  The  HMD  permits  continuous 
display  of  critical  flight  information 
within  the  f ield-of-vlew,  so  that 
heightened  situation  awareness  may  be 
maintained  Independent  of  viewing  area 
or  head  position.  In  addition,  the  NMD 
enables  the  use  of  egocentric  or  pilot- 
con'ered  threat  radar,  such  that  symbols 
represent  airborne  or  ground  points  of 
interest  oriented  in  their  actual 
position  relative  to  the  pilot.  The 
pilot  can  then  perceive  and  acquire 
beyond  visual  range  targets  in  their 
natural  orientation.  With  a  head-coupled 
light-intensifying  or  infrared  sensor, 
the  HMD  can  display  night  vision  imagery 
corresponding  to  where  the  pilot  is 
looking.  This,  plus  terrain-profiling 
command  flight-path  symbology,  should 
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allow  heightened  night-flight  aituation 
awercneaa  at  lower  altitudea  and  higher 
apeeds  than  can  aafely  be  used  with 
present  HDD-only  forward-looking  night 
vision. 

The  basic  components  of  HMD  instrument 
flight  symbology  should  indicate  heading 
and  aircraft  attitude,  as  well  as 
airspeed,  altitude  and  a  head-aiming 
reticle.  The  costs  and  benefits 
associated  with  head-coupled  flight 
symbolog.r  are  presently  unknown.  It  is 
the  responsibility  of  the  HMD  scientific 
community  to  evaluate  the  most  efficient 
and  effective  ways  to  provide  mission 
relevant  information.  Intelligent 
selection  among  candidate  HMD 
applications  must  be  based  on  empirically- 
derived  principles  of  human  performance, 
perception,  and  cognition.  The  present 
research  initiates  the  Investigation  of  a 
potential  of f-boreslght  display  for 
presenting  essential  flight  information 
for  use  in  tactical  mission  environments. 

2 _ METHOD 

2.1  Subjects 

Nine  male  volunteer  current  private  pilot 
subjects  participated  in  the  experiment, 
All  subjects  were  between  the  ages  of  25 
and  Al.  with  a  mean  age  of  31.  All  nine 
subjects  were  right-hand-dominant  and 
had  corrected  or  uncorrected  visual 
acuity  of  20/20  or  better.  Subjects' 
overall  mean  flight  time  was  532.22 
hours,  and  seven  out  of  the  nine  pilots 
were  instrument-rated.  The  subjects  did 
not  have  any  military  flight  experience. 
They  were  paid  S5.00  per  hour  for  their 
participation. 

2.2  Apparatus  and  Stimuli 

The  simulated  visual  events  were 
displayed  via  a  large  f ield-of-view 
head-coupled  binocular  HMD  system.  This 
system  consisted  of  two  miniature  CRTs 
and  their  associated  display  electronics, 
graphics  generators,  and  optics, 
resulting  in  a  f leld-of-view  of  120- 
degrees  horizontal  by  bO-degrees 
vertical,  with  a  AO-degree  subtended 
visual  angle  overlap.  The  CRT  phosphor 
image  was  projected  by  an  objective  lens 
as  a  real  image  which,  viewed  through  the 
eyepiece,  was  displayed  as  a  virtual 
collimated  imago.  The  position  of  the 
helmet  was  measured  in  six  axes  with  an 
electromagnetic  helmet-position  tracker 
so  that  the  computer-generatod  images 
were  cockpit,  helmet,  space,  and  world 
stabilized,  and  were  constantly  updated. 
The  head  tracker  system  was  accurate  to 
within  0.50  degrees,  and  maintained 
resolution  to  within  0.10  degrees. 

Subjects  were  seated  in  a  full-scale  F-15 
cockpit  mock-up,  and  made  control  inputs 
on  a  center-mounted  dynamic  joy-stick, 
side-mounted  F-15  throttles,  and 
conventional  rudder  pedals.  The 
simulated  aircraft  responded  with  a 
generic  F-IS  aerodynamic  model.  Figure  1 
is  a  graphical  representation  of  the  HMD/ 
simulator  system.  A  Digital  Equipment 
Corporation  (DEC)  Vax  11/785  computer 
collected  real-time  data  at  a  rate  of 
lOHz. 


Subjects  flew  the  simulator  through  a 
virtual  (world  stabilized)  terrain  gaming 
area  while  seated  In  a  computer-generated 
virtual  (cockpit  stabilized)  cockpit 
presented  by  the  HMD  and  generated  by 
Silicon  Graphics  Iris  3130  raster 
graphics  systems.  An  Evans  and 
Sutherland  stroke-generated  line  graphic 
HUD  image  was  superimposed  on  the  raster 
image  and  was  cockpit  stabilized.  The  HUD 
repreaented  a  slightly  modified  P-16 
block  AO  version  symbology,  and  subtended 
30  by  30  degrees  of  visual  angle.  The 
of f-boreslght  HKD  (OBHKD)  symbology  was 
also  drawn  in  stroke  graphics  and 
appeared  whenever  the  subject's  head 
position  exceeded  20  degrees  off  the 
aircraft's  boreslght.  The  OBHMD  (see 
figure  2)  was  helmet  stabilized  and 
subtended  25  by  25  .'.agrees  of  visual 
angle.  The  OBHMD  symbology  represents 
an  aim-sight  reticle,  aircraft  heading 
scale,  digital  airspeed,  vertical 
velocity  scale  (in  feet  per  second), 
dlgltsl/scaled  altitude,  and  an  attitude 
reference  indicator  (the  attitude  bars 
each  represent  +/-2.5  degrees 
deflection),  with  flight  path  symbol 
oriented  to  t;ie  aircraft's  boresight 
(longitudinal  axis). 

2.3  Procedure 

Upon  entering  the  research  facility, 
aubjects  read  and  signed  a  standard  Air 
Force  consent  form.  Than  they  were  asked 
to  read  a  written  Instruction  set 
designed  to  familiarize  them  with  the  HUD 
symbology,  HMD  symbology,  task  scenario, 
and  baalc  experimental  procedure. 

Subjects  were  permitted  to  ask  questions 
st  any  point  during  the  instruction  set. 
as  well  aa  during  the  practice  and  data 
collection  sessions.  Each  subject 
participated  in  three  sessions  performed 
over  two  days.  The  first  two  sessions 
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were  used  for  training  (on  Day  one), 
while  the  third  sesBion  was  used  for  data 
collection  (on  Day  two).  Subjects 
returned  to  the  laboratory  one  to  eight 
(an  average  of  four)  days  later  for  t)ie 
data  collection  session. 
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2.3.1  Training!  The  first  training 
session  was  a  "free  flight"  task  where 
subjects  flew  the  simulated  aircraft 
through  a  threat-free  gaming  area  to 
become  familiar  with  the  aerodynamics 
model,  displays,  and  helmet  apparatus. 
When  adequate  ability  to  maneuver  the 
simulated  aircraft  was  demonstrated  (20- 
30  minutes)  and  an  understanding  of  the 
HUD/HHD  symbology  was  indicated,  the 
subject  moved  on  to  the  second  training 
session.  The  second  training  session  was 
a  set  of  trials  identical  to  those  from 
the  data  collection  session,  with  the 
exception  that  subjects  were  able  to 
review  their  flight  path  time  histories. 
The  experimenter  monitored  the  subject's 
progress  and  acted  as  an  instructor 
throusho'i.t  the  treinlno  soRsions. 

Subjects  had  a  five  minute  rest  halfway 
through  the  second  training  session. 

2.  .3.2  Kxperimental  Task.  .Scenario:  The 
task  was  s  simulated,  low-level,  high¬ 
speed,  airborne 

survell lance/ reconnaissance  mission.  In 
half  cf  the  trials,  subjects  had  a 
simulated  HUD  and  OBllMD,  and  in  the  other 
half  of  trials  they  had  only  a  HUD,  Each 
trial  comprised  a  preview  mode,  rest 
mode,  run  mode,  and  review  mode  (review 
mode  for  training  sessions  only). 

Subjects  self-initiated  each  of  the 
trials  and  subsequent  modes  within  the 
trials  by  pressing  the  control  stick 
trigger. 

Before  the  st.'irt  of  each  trial,  the 
subject  was  given  an  overview  of  the 
terrain,  heading  Indication  and  target 
group  via  a  computer-generated  map 
representing  the  gaming  area.  This  was 
called  the  trial  preview  mode.  When  the 
mission  was  memorized,  subjects  selected 
trial  rest  mode. 

In  rest  mode,  subjects  were  given  a 
reminder  of  the  mission  parameters  while 
the  proper  heading,  altitude  and  airspeed 
for  the  mission  ingress  was  displayed. 
When  airernft  control  was  activated  (the 
control  stick  trigger  was  pulled). 


subjects  were  to  proceed  along  a 
prescribed  flight-path  (cardinal  heading) 
at  an  indicated  airspeed  of 
approximately  ABO  knots.  Altitude  was  to 
be  maintained  at  AOO  feet  above  mean  sea 
level,  with  terrain  throats  below  300 
feet  and  surface-to-air  missiles  tracking 
above  500  feet.  Although  subjects  were 
told  to  fly  at  AOO  feet,  there  were  no 
adverse  consequences  for  flying  below  300 
feet,  unless  altitude  went  to  zero 
(ending  the  trial  with  a  terrain  impact). 
However,  if  the  aircraft  spent  more  than 
seven  consecutive  seconds  above  500  feet, 
the  surface-to-air  missiles  (SAMs)  had 
sufficient  time  to  lock  and  fire, 
terminating  the  trial. 

During  trial  run  mode,  subjects  flew  the 
simulated  aircraft  over  the  gaming  area 
toward  a  group  of  targets  in  the  center 
of  the  gaming  area.  Subjects  were  to 
continually  search  for  visual  contact  with 
an  enemy  aircraft  in  the  area.  The 
simulated  adversary  aircraft  (bogey) 
appeared  between  ownship's  A  and  8 
o'clock  position.  Fo‘r  each  trial,  the 
bogey  appeared  randomly  between  5  and  60 
eecor.du  after  trial  initiation,  and 
contl.nued  to  follow  ownshlp  for  the 
remainder  of  the  trial  (Figure  3).  The 
bogey  randomly  moved  between  ownship's  A, 
6.  and  8  o'clock  position  (120,  ISO,  and 
-120  degrees  of £-boresight,  respectively). 
When  a  bogey  was  visually  acquired,  the 
pilot  was  to  fly  his  present  general 
heading  while  maintaining  as  much  visual 
contact  with  the  adversary  aircraft  as 
possible  (tracking  task).  Maintaining 
visual  contact  with  the  bogey  required 
the  subject  to  look  of f-boresight  in 
excess  of  +/-  90  degrees.  On  half  of  the 
trials  the  bogey  was  programmed  to  fire 
an  air-to-air  (AA)  missile  at  ownship 
from  ownship's  A  or  8  o'clock  position 
(hostile  bogey  condition) .  A  hostile 
bogey  fired  a  missile  randomly  between  5 
and  75  seconds  after  the  bogev  appeared 
(Figure  3),  If  the  subject  neglected  to 
respond  to  the  missile,  by  ejecting 
flares  and  chaff,  the  trial  was 
terminated.  If  the  subject  pressed  the 
flare/chaff  button  while  the  missile  was 
in  flight,  the  missile  was  destroyed  and 
the  subject  was  to  abort  that  mission  and 
initiate  a  defensive  5.0  g  180  degree 
turn  to  egress.  The  trial  would 
automatically  end  30  seconds  after  the 
flare/charf  button  was  pressed.  Data 
collection  for  that  particular  trial  was 
terminated  when  ownship  was  struck  by 
the  missile  or  the  flare/chaff  button  was 
pressed.  The  turn  was  intended  to  keep 
subjects  motivated.  For  non-hostile 
bogey  trials,  the  adversary  would 
continue  to  trail  the  subject's  ownship 
all  the  way  to  the  target  area.  Cnee 
ownship  passed  over  the  target  area, 
the  subject  was  to  Initiate  a  S.O  g  180 
degree  turn  to  egress.  Trial  data 
collection  was  terminated  when  ownship 
crossed  over  an  imaginary  boundary 
surrounding  the  target  area.  Again,  the 
turn  was  intended  to  give  the  subject  a 
difficult  task  to  look  forward  to  during 
the  trial.  If  the  subject  missed  the 
target  area  on  the  first  pass,  he  was  to 
turn  back  to  the  target  area  and  attempt 
a  second  pass.  On  the  few  occasions  that 
this  situation  occurred  (12  trials),  the 
subject  barely  missed  the  AOOO  foot 
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target  area  diametert  so  data  collection 
ended  as  if  no  miss  occurred  (160  second 
after  the  trial  initiation).  One  hundred 
and  sixty  seconds  was  determined  to  be  an 
adequate  time  for  ownship  to  cross  ovir 
the  target  area  boundary.  The  trial 
automatically  ended  30  seconds  after  the 
target  area  boundary  was  crossed.  At  the 
end  of  a  trial,  subjects  were  told  the 
cause  of  trial  termination.  Tor  the 
training  session  only,  trial  run  mode  was 
followed  by  a  trial  review  mode  in  which 
the  pilot  was  able  to  review  his  flight 
path  and  the  adversary's  flight  path 
relative  to  the  gaming  area.  Prior  to 
the  data  collection  session,  subjects 
were  given  four  practice  trials. 

Halfway  through  the  data  collection 
session,  subjects  were  given  a  five- 
minute  rest. 
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Figure  3.  Bogey  event  time  envelopes 
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X  4  X  2  X  9  within-subjects  design. 

Trials  were  randomly  presented  within 
blocks  of  the  16  unique  conditions  formed 
by  crossing  the  independent  variables. 

Several  dependent  measures  were  recorded 
and  analyzed.  These  included  altitude 
deviation,  percent  time  spent  off- 
boresight,  root  mean  squared  error  (RMS) 
in  azimuth  for  angular  helmet  position 
of f-boresight ,  duration  and  number  of 
exits  from  the  altitude  envelope  (300  ft. 
and  500  ft.),  reaction  time  to  an  AA 
missile  launch,  and  trial  terminator  type 
(successful  completion  of  mission, 
successful  defense  of  AA  missile,  ground 
strike,  AA  missile  strike,  or  SAM 
strike).  Each  trial  was  divided  into 
two  separate  phases:  the  search  task, 
before  the  bogey  was  presented  (pre- 
bogey);  and  the  tracking  task,  after  the 
bogey  was  presented  (post-bogey). 

Analyses  were  performed  separately  for 
each  phase.  Reaction  time  to  AA  missile 
launch  and  trial  terminator  type- 
dependent  measures,  excluding  ground  and 
SAM  strikes,  were  unique  to  the  post¬ 
bogey  data  set.  In  addition,  for  the 
post-bogey  trial  phase  only,  the  absolute 
angular  difference  between  the  bogey  and 
the  subject's  helmet  position  at  the 
instant  of  an  AA  missile  launch  was 
recorded  and  analyzed. 


POST-BOGEY  DATA 


Figure  A.  Fre-  and  post-bogey  display  main  effects  for  Rl-lS  azimuth  and  percent  time 
of f-boresight. 


2.^  Design 

There  were  three  fully-crossed 
independent  variables  included  in  the 
within-subjects  design:  display 
condition  (with  or  without  OBHMD),  bogey 
hostility  (bogey  would  or  would  not 
launch  an  AA  missile),  and  ingress 
heading  (north,  east,  south,  or  west),  A 
data  collection  session  contained  32 
trials  formed  by  crossing  all  levels  c£ 
display  condition,  bogey  hostility,  and 
ingress  heading,  plus  one  replication. 
Two-hundred  and  eighty-eight  total 
observations  were  collected  for  the  2X2 


3 _ RESULTS 

3.1  Pre-Bogey  Phase 

A  full-factorial  within-subjects  analysis 
of  variance  (ANOVA)  was  performed  for  RMS 
azimuth,  percent  time  of f-boresight .  and 
RMS  altitude  deviation  using  Display, 

Bogey  Hostility,  Heading,  and  Replication 
as  main  effects.  The  main  effect  of 
Display  was  significant  for  RMS  azimuth 
(F  =  75.53,  £  <  .0001)  and  for  percent 
time  of f-boresight  (F  =  50.76,  £  <  .0001), 
accounting  for  26.7  and  31.0%  of  the 
variance,  respectively.  (Statistical 
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significance  for  all  tests  were  assessed 
using  alpha  =  .05).  There  were  no 
significant  interactions.  Bot’.i  RMS 
azimuth  and  percent  time  of f-boresight 
were  larger  for  the  OBHMD  display  (see 
Figure  4 ) , 

The  frequency  and  duration  (seconds)  of 
altitude  envelope  exits,  i.e.,  flying 
above  500  or  below  300  ft.,  were  used  to 
calculate  the  average  time  flying  outside 
the  altitude  envelope  per  exit.  Time  per 
exit  was  calculated  for  every  trial  and 
subject  at  the  limits  of  the  altitude 
envelope.  To  determine  whether  time  per 
exit  was  significantly  different  for 
display,  a  two-tailed  t-test  was  used. 

The  effect  of  display  was  not  significant 
for  time  per  exit  at  300  ft.  (p  =  .5464) 
nor  500  ft.  (£  =  .6809), 

Although  the  ownship  could  not  be  struck 
by  a  bogey’s  missile  in  the  pre-bogey 
phase,  the  trial  could  still  end  with  a 
ground  or  SAM  strike.  There  were  three 
trials  in  which  either  of  these  events 
occurred.  Two  of  these  trials  ended  with 
an  aircraft  ground  impact,  and  the  third 
ended  with  a  SAM  strike.  These  events 
reduced  the  number  of  observations  in  the 
post-bogey  phase  by  three  (to  285). 

3,2  Post-Bogey  Phase 

A  full- factorial  within-subj ects  ANOVA 
was  performed  for  RMS  azimuth,  percent 
time  of f-boresight,  and  RMS  altitude 
deviation,  using  Display,  Bogey 
Hostility.  Heading,  and  Replication  as 
main  effects.  The  main  effect  of  Display 
was  significant  for  RMS  azimuth  (F  = 
65.61,  £  <  .0001)  and  percent  time  off- 
boresight  (F  =  59.14,  £  <  .0001), 

accounting  for  32,3  and  37.9%  of  the 
variance,  respectively.  The  main  effect 
of  Bogey  Hostility  was  significant  for 
RMS  azimuth  (F  =  17.28,  £  <  .0032), 
percent  tim<i  o££-boresight  (F  =  28.14,  £ 

<  .0007),  and  Altitude  D€viativ*)n  (F  = 
24.85,  £  <  .0011),  accounting  for  4.2, 
6.7,  and  3.8%  of  the  variance, 
respectively.  There  were  no  significant 
interactions.  RMS  azimuth  and  percent 
time  of f-boresight  were  larger  when  the 
OBHMD  display  was  present  (sec  Figure  4) , 
In  adaition,  RMS  azimuth  and  percent  time 
of f-boresight  were  larger  for  the  Hostile 
Bogey  condition  (see  Table  1).  Altitude 
devittion  was  smaller  for  the  Hostile 
Bogey  condition  (see  Table  1). 


To  determine  whether  the  reaction  time  to 
deliver  flares,  when  defending  against  an 
hostile  bogey  AA  missile  launch,  was 
significantly  different  as  a  function  of 
Display,  a  two-tailed  t-test  was  used. 

The  effect  of  Display  was  not  significant 
for  reaction  time  (£  =  .2864). 

A  full-factorial  within-subj ects  ANOVA 
was  performed  for  the  absolute  azimuth 
angle  difference  between  the  subject's 
head  and  the  bogey  at  the  time  of  hostile 
bogey  fire  (ABSDAZ) ,  using  Display  and  AA 
missile  strikes  as  main  effects.  The  main 
effect  of  Display  was  significant  (F  = 
20.00,  £  <  .0001),  accounting  for  25.1% 
of  the  variance.  The  ABSDAZ  was  nearly 
half  for  the  OBHMD  display  (see  Figure  5). 

A  Pearson  Chi-square  was  used  to 
determine  whether  the  type  of  display 
affected  the  frequency  of  the  trial 
terminator  type  variables.  The  test 
indicates  that  the  successful  completion 
of  missions  X  (1,  N  =  285)  =  0.68,  £ 

=  .410,  successful  defense  against  AA 
missiles  X  (1,  N  =  143)  =  0.03,  £  =  .868, 
AA  missile  strikes  X*"  (1,  N=143)  =  0.07,  £ 
=  .799,  and  SAM  missile  strikes  X^  (1,  N  = 
285)  =  0.08,  £  =  .780  do  not  depend  upon 
the  type  of  display  used.  However, 
ground  strikes  did  depend  on  display 
type.  There  were  zero  ground  strikes 
(out  of  143  trials)  when  aided  with  the 
OBHMD,  and  five  ground  strikes  when  the 
OBHMD  was  not  present  (out  of  142 
trials).  This  effect  was  statistically 
significant  (1,  N  =  285)  =  5.13,  p 
=  .024. 

4 _ DISCUSSION 

As  previously  mentioned,  each  trial  V7as 
divided  into  two  phases,  pre-  and  post¬ 
bogey.  Bach  phase  represents  a  different 
task.  The  pre-bogey  phase  involves  a 
search-type  task,  i.e.,  the  subject  is 
coiil xiiuttlly  seaichiiig  fui  the  atiival  ui 
the  bogey  and  is  not  concerned  with 
hostile  AA  missile  attack.  The  post¬ 
bogey  phase  represents  a  tracking-type 
task,  i.e.,  the  subject  is  aware  of  the 
bogey* E  location,  but  must  maintain 
vicual  contact  in  the  case  of  a  hostile 
AA  missile  attack. 

Clearly,  subjects  looked  of f-boresight 
for  a  longer  duration  and  maintained  a 
larger  of f-boresight  angular  azimuth 
displacement  while  using  an  OBHMD.  This 


Metric  Bogey  BoatUity 


Non  HovtlK^ 

Hostile 

RMS  ulmuth  (degrees) 

82.3 

88.3 

Time  off-boreslght  (%) 

63.8 

73.3 

Altitude  deviation  (feet) 

70.1 

8S.e 

Table  1.  Means  for  significant  effect  of  Bogey  Hostilit/  in  Post-Bogey 


To  determine  whether  time  per  exit  was 
significantly  different  for  Display,  a 
two-tailed  t-test  was  used.  The  effect 
of  Display  was  not  significant  for  time 
per  exit  at  300  ft.  (£  =  .6896)  nor  500 
ft.  {£  =  .6762)  . 


occurred  for  both  the  pre-bogey  and  post¬ 
bogey  phases.  The  perf ojnnance 
differences  between  the  search  and 
tracking  tasks  are  evident  in  Figure  4, 
where  the  means  for  head  azimuth  angle 
and  percent  time  off  boresight  for  the 
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pre-"bogey  data  are  leas  than  thoae  for 
the  post-bogey  data.  This  may  be  due  to 
the  subjects  moving  from  the  4  to  8 
o'clock  position,  ^nd  back  again,  more 
frequently.  Another  interesting  effect 
was  Bogey  Hostility.  In  the  post-bogey 
phase,  a  non-hostile  bogey  produced  a 
smaller  RMS  azimuth,  less  percent  time 
of f-boresight,  and  more  altitude 
deviation.  These  effects  appear  to  be 
attributable  to  the  length  of  the  trial. 
That  is,  trial  length  was  longer  when  the 
bogey  was  non-hostile,  thus  altitude 
deviations  had  more  time  to  accumulate. 

The  lack  of  this  effect  in  the  pre-bogey 
phase  lends  support  to  this  interpretation. 


believed  that  this  is  sufficient  time  for 
the  subject  to  look  away  from  the  bogey 
(check  the  HUD  or  look  for  the  target 
area)  and  look  back  at  the  bogey  in  time 
to  see  the  missile  in  flight.  On  the 
other  hand,  it  was  possible  that  the 
subject  could  have,  after  looking 
forward,  returned  hie  hccd  to  the  last 
known  location  of  the  bogey,  hut  by  that 
time  the  bogey  had  crossed  behind  to  a 
new  position.  This  would  render  him 
vulnerable  to  a  missile  strike.  This 
same  scenario  could  be  applied  to  the 
trials  with  the  OBHMD.  When  the  subject 
looked  on-boresight  to  check  ownship 
forward  progress,  he  might 


Ode* 


NOOBHWD 


O  deg 


120  deg 


WITH  OBHHD 


Figure  5.  Head  azimuth  relative  to  the  bogey  at  instant  of  AA  missile  launch. 


An  OBHHD  does  not  affect  the  reaction 
time. to  deliver  flares  when  defending 
ag-tliisL  a  uusLile  bogey  AA  missile 
launch.  However,  the  ABSDAZ  indicates 
that  a  reaction  time  difference  should 
indeed  be  evident.  Figure  5  suggests 
that  the  subjects  were  more  likely  to  be 
looking  at  the  bogey  when  it  launched  if 
they  had  the  aid  of  the  OBHMD.  It  is 
possible  that,  since  the  subject  saw  the 
bogey  fire,  there  was  no  sense  of  urgency 
to  press  the  chaff  button.  If  the 
subject  witnessed  the  launch,  he  had  a 
good  idea  of  how  long  the  flight  time  of 
the  missile  would  be,  and  that  there  was 
no  immediate  danger.  Exercising  this 
state  of  relaxation,  the  subject  did  not 
react  to  the  missile  with  great  speed. 
Without  the  OBHMD.  the  subject  spotted 
the  missile  in  flight  and.  because  he  did 
not  see  the  launch,  it  was  imperative  to 
react  as  fast  as  possible.  If  the 
subject  did  not  see  the  missile,  he  may 
not  have  had  a  good  feel  for  the  missile 
time  of  flight,  thus  it  was  urgent  that 
he  react  to  the  missile  as  soon  as 
possible. 

The  fact  that  there  were  no  differences 
between  the  displays,  in  terms  of  number 
of  times  hit  by  an  AA  missile,  may  be 
directly  attributable  to  the  flight  time 
of  the  missile.  For  the  present 
experiment,  the  average  flight  time  of 
the  missile  from  launch  to  the  time  it 
hit  ovnshlp  was  about  six  seconds.  It  is 


not  have  been  able  to  get  to  the  correct 
location  in  time  to  see  the  missile  in 
flight.  In  this  case  it  was  a  matter  of 
looking  at  the  wrong  place  at  the  wrong 
time. 

The  findings  of  the  present  study  suggest 
that  the  off-boresight  attitude  display 
enhanced  the  pilot's  search  capability, 
tracking  performance  and  survivability. 
With  this  display,  both  the  duration  of 
off-boresight  visual  scanning  and  the 
angle  with  which  the  pilot  was  able  to 
scan  the  aerial  environment  for  bogey 
aircraft  was  increased.  In  addition,  the 
number  of  times  ownship  experienced  a 
ground  strike  with  the  off-boresight 
display  was  zero. 

The  findings  of  the  present  study  favor 
the  use  of  an  OBHMD  but  future  efforts 
should  be  made  to  increase  the  realisin  of 
the  task.  The  authors  recommend  future 
incorporation  of  a  variable-terraln- 
elevatlon  gaming  area  in  which  the  pilots 
would  be  required  to  maintain  a  constant 
separation  from  the  surface. 

Additionally,  the  expansion  of  the  bogey 
aerodynamic  model  to  include  elevation 
deviation  would  permit  a  much  more 
difficult  task  and  greater  element  of 
surprise.  It  is  also  reasonable  to 
surmise  that  although  off-boresight 
attitude  display  symbology  enhanced 
mission  success,  the  symbol  set  has  yet 
to  be  optimized. 
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METHODOIXK  .E  DE  CONCEFTIOiS  D’UN  VISUEL  DE  CASQUE;  LES  ASPECTS  ERGUNOMIQUES. 


I.VI 
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Djviiion  Viwalisation  Interface 
SEXTANT  Avionique 
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iUaumt:  Sur  un  plan  purement  viiionique,  la  conception 
d’un  viiucl  de  casque  ne  pr6aente  que  relativement  peu  de 
diffirencet  avec  un  diipositif  de  visualisation  plus  classique, 
comme  |e  viseur  ttto-haute.  Pour  ringtnieur,  Tune  des 
diiricultis  majeures  rencontrdci  dans  la  conception  d'un 
syst6me  monti  sur  la  tCite  riside  dans  le  fait  que  la  structure 
porteuse  est  loin  d’Ctre  aussi  bien  dtrinie  que  Iss  supports 
hubituels.  La  diversity  des  '^>6cifications*  anatomiques  et 
fonctionnelles  de  la  ttte  du  pilote  constituc  done  la  source 
dc  contraintes  ergonomiques  qui  doivent  impirativement 
ttre  prises  en  compte. 

La  premitre  partie  de  cette  6tude  est  constitute  par  une 
dtmarche  d'idcntirication  prtdse  des  contraintes 
rencontrtes:  contraintes  anthropomttriques,  biomtianiques 
ct  de  stcuritt,  de  confort  et  dc  manipulation, 
d’eiivironnement. 

A  partir  des  donntes  issues  de  la  recherche  amont,  la 
Conception  Assisttc  par  Ordinatcur  (CAO)  ct  la  rtalisation 
simu'tante  de  maquettes  d’encombrement  et  ergonomiques 
permet  une  ^proche  globale  de  ces  difftrents  problimes. 
La  deuxiime  partie  de  I’ttude  expose  les  aspects  essentiels 
des  principes  mtthodologiques  utilises. 

En  conclusion,  la  rtflexion  mente  i  propos  de  la  demarche 
de  dtveloppement  d’un  visuel  de  casque  fait  apparaltru  la 
ntcessitt  d'une  inttgration  prtcoce  des  afreets  visioniques 
et  de  Tergonomie  du  support.  II  s’agit  lA  d'un  atout  majeur 
et  indispensable  poor  aboutir  i  la  rtalisation  d’un  materiel 
satisfaisant  i  la  fois  aux  ntcessites  impostes  par  le  systtme 
d’armes  et  les  utilisateurs. 

1.  INTRODUCTION 

Sur  tous  les  avions  d’armes  moderr.es  et  sur  beaucoup 
d’heiicopteres,  la  conduite  dc  la  plate-forme  et  du  systtme 
d’armes  fait,  t  Theure  aauelte,  largement  appei  au  viseut 
tite  haute.  Les  limitations  dc  cc  type  de  visualisation,  aussi 
bien  pour  la  designation  d’objectifs  que  pour  la  navigation 
jour-nuit,  sont  aujourd'hui  largement  reconnues  (4).  On 
peut  done  d6finir  le  viseur  de  casque  comme  un  viseur  ttte 
haute  mobile,  comblant  les  lacunes  du  viseur  classique, 
int6gr6  au  casque  du  pilote  et  destin6  &  facUiter  la  conduite 
de  la  plate-forme  et  du  systime  d'armes. 

D’une  manidre  gtn6rale,  cet  6quipement  comprend  une 
uniti  ilectroiuque  mont£c  en  soute,  un  dispositif  de  mesure 
de  la  ligne  de  viste  et  un  iquipement  de  ttte.  L’6quipement 
de  t2te  assure  la  protection  physiologiqur,  du  pilote  et 


constitue  le  support  du  dispositil  de  visualisation.  Le 
tableau  1  r6sume  les  principaux  composants  d’un  visuel  de 
casque. 

Si  quelques  viseurs  ou  visuels  de  casque  sont  d6jii  en  service 
op6rationncl  sur  diffirents  porteurs  (AH-64  ‘’Apachc'par 
exemple),  cet  dquipement  ne  deviendra  vtritablemenc 
universel  qu’h  partir  de  la  secondc  moiti6  des  annies  90.  La 
sod6t£  SEXTANT  Avionique,  pour  sa  part,  ea  d’ores  et 
d6j4  engagic  en  association  avec  VDO-L,  dsns  le 
diveltqrpement  d’un  visuel  de  casque  pour  le  programme 
d'h61icoptire  Franco-Allemand  Tigre”  (1)  et  propose,  en 
association  avec  Intertechnique,  un  visuel  dc  casque  dons  le 
cadre  du  programme.  ‘Rafale’’. 

Four  mener  A  bien  ce  type,  dc  projets,  les  6quipementicrt 
sont  confront6s  au  mime  problimc:  prendre 
en  compte  les  multiples  contraintes  ergonontiques  Uies  au 
support  clu  viseur,  la  tite  du  pilote,  dans  la  conception  du 
viseur  de  casque.  En  effet,  la  riussite  ne  sr,  jugera  pas 
seulement  sur  la  tenue  des  spicirications  techniques 
habituelles  des  iquipements  de  visualisation  (champ, 
contrasle,  qualiti  d’image,...),  mais  bien  principalement  sur 
Taceeptation  ou  nun  du  produil  par  les  pilotes.  Cette 
acceptation  sera  garantc  dc  Tefncadli  opirationnelle 
attenduc,  dont  la  dimonstration  a  pu  eire  faite  suit  par  des 
essais  en  simulateur  (2),  soit  par  des  cssais  en  vol. 

La  conception  est  rendue  d’autnnt  plus  dilTicile  qu’aux 
contraintes  ergonomiques  d’origine  purement  humaines, 
arthropomitrie,  biomicanique,  confort,  manipulation,  il 
convient  d’ajouter  les  contraintes  opirationnelles  et  celles 
dicoulant  de  I’intigration  sur  le  porteui. 

2.  iDENTinCATlON  DES  FONCnONS  ET 
CONTRAINTES 

L’identiTication  des  fonctions  que  doit  assurer  Tiquipement 
de  tite  et  des  diffiremes  contraintes  qui  en  dicoulent 
comporte  des  particulantis  propres  au  type  de  porteur. 
Cependant,  un  certain  nombre  de  points  communs  peuvent 
itre  digagis  avec  une  valeur  relativement  untverscUc  (5). 

2,1.  FoDCtioDs  dc  I'iqulptmeat  de  tite 

L’ivolution  actuellc  tend  A  assigner  aux  porteurs  future  drs 
misaioiu  de  plus  en  plus  complexes  A  eft’ectuer  dans  des 
conditions  d’emironremeni  de  plus  en  plus  sdvires  (vol  de 
nuit,  ambiance  NBC,  ...).  Four  effeauer  zu  inieux  ces 
missioni  et  ripondre  aux  bcsoiiu  futun  il  est  nicessaire  de 
divelopper  un  (quipement  de  tite  intigrant  les  fonctions  de 
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pr£jentation  d'infonnations  visuclles,  d’aucrvisKjnent  de 
capteuii  et  d’anncmcnta,  dc  communication  ct  de 
protection  physiologique. 

2.1.1.  Prtaentation  d'infonnations  vliuellea 

Le  visuel  de  casque  foumit  au  p''  z:e  une  image  coUimatte  k 
I'inTini  et  supciposie  ou  paysage.  Cette  image  peut  provenir 
d’une  camdra  thermique  (type  FLIR),  d’un  systkme  de 
cartographic  numirique,  d’un  radar  ou  d'intensiTicateurs  de 
lumihre  de  troisiime  gfniration  intigrds  au  casque.  Une 
^mibologie  ^th6tique  d’aide  au  pilotage,  k  la  navigation  et 
au  tir  peut  Ctre  tuperpot6e  k  ces  images.  II  s’agit  done 
d'assurer  les  fonctions  d’un  veritable  viscur  tkte  haute 
multimode,  avec  en  suppl6ment  I’fntigration  des 
intensilicatcurs  de  lumikre. 

Scion  la  nature  des  informations,  on  s’oriente  vers  des 
presentations  monoculaires  avec  des  champs  de  t’ordre  de 
IS  k  20  degres  (symbologie  pour  avions  de  combat),  ou 
binoculaires,  avec  un  champ  d’au  moins  40  degres,  et  si 
possible  avec  un  recouvrement  total  entre  chaque  image 
(heUcoptire  en  vol  tactique  de  nuit,  photo  1). 

2.U.  Asservissement  capteurs  et  armements 

A  requipement  de  tfcte  est  associt  un  systime  de  detection 
dc  position  et  d’orientation  permettant  de  connaltre  la 
position  du  casque  dans  I’c^ce,  I’orientation  de  la  ligne  dc 
vis^e  ainsi  que  I’information  dc  roulis  de  la  t£te  du  porteur 
du  casque.  Ce  systkme  permet  d’asservir  sur  les 
mouvements  de  la  tite,  soil  dvs  capteurs  optroniques,  le 
pilote  gardm’t  ainsi  une  image  vidio  corre^ndant  k 
rimage  rkelle  quelie  que  soit  la  direction  de  sa  ligne  de 
vis6e,  soit  des  systimes  d’armes.  Dans  les  solutions 
techniques  habitueliement  retenues,  I’iquipement  de  t$te 
integre  un  capteur  eiearomagnetique  miniature. 

2.1J.  Communication 

L’information  auditive  revkt  une  importance  fondamentale 
dans  let  communications  entre  lea  membres  d’un  mkme 
Equipage  ou  avec  I’catirieur.  Cette  fonction  doit,  bien  sOr, 
ktre  intigr£e  k  I’iquipement  de  tkte  et  garantir  la 
compatibiliti  avec  les  ^rstkmes  dc  conunande  et  de  ^thkse 
vocale. 

II  faut  notes  qu’k  cOtk  oi'  en  association  avec  les  liaisons 
auditivet  ctassiques,  on  demande  6galement  au  visuel  de 
casque  de  permettre  la  liaison  selon  un  mode  visuel 
('regardc  ou  je  vise")  entre  membres  d’un  m#me  Equipage 
ou  6ventu:llement  entre  akronefs. 

2.1.4.  Protection  phytlologlque 

L’kquipement  visuel  de  casque  doit  assurer  I’ensemble  des 
protections  physiologiques  habitueliement  apporties  par 
I’kquipement  de  tkte  classique  du  pilote.  Cc  sont 
essentieUement  la  protection  contre  let  chocs  micuiiques  et 
les  perforations,  rkblouissement  solaire  ou  laser  et  le  flash 
iiuvlkaire,  le  bruit.  II  doit  kgalement  Ctre  compatible  avec 
les  lystkmes  d’tnygknation  et  de  protection  contre  let 


accklkrations  (surprsssion  re^iratoire)  el  assurer  une 
protection  efTicace  lots  de  I’kjection.  Emin  U  doit  ktre 
utilisable  en  ambiance  contamlnkc  et  done  intigrer  ou 
pouvoir  itre  jiixtaposk  avee  un  kquipement  NBC. 

2Jt.  Contraintea  orgonomlques  et  opkratinnneUes 

L’esdstence  dc  ces  contraintes  constitue  une  source  dc 
difficultks  non-nkgligeablcs  sur  le  plan  technique.  II  faut 
aussi  reconnsitre  que  la  technologic  des  viscurs  de  casque 
constitue  en  elle-mCmc  une  probikmatique  relativemcnt 
nouvelle.  L'expkrience  acquise  dans  la  rkalisation  de  divers 
kquipements  prototypes  destinki  aux  ktudes  en  simulateiir 
et  aux  essais  en  vol  s  amplemeni  dkmontrk  rimpkricusc 
nkcesiitk  de  prendre  en  compte  trks  tflt  ces  contraintes  dans 
la  conception  d’un  kquipement  vkritablement  opkrationnel. 

2J.1,  Contraintea  humalnci 

L’identification  dktaillke  de  ces  contra' ntes  s’appuie  sur  les 
ktudes  amont  menkes,  sous  I’kgidc  des  si' "vices  Officiels 
Frangais,  dans  divers  taboratoires  spkciali.sks  dans  I’ktude 
des  facteurs  humains,  comme  Ic  Laboratoire 
d’Anthropologie  Appliquke  (LAA),  le  Laboratoirc  de 
Mkdedne  Akro^atiale  du  Centre  d'Essais  en  Vol 
(CEV/IAMAS),  I’lNRETS  de  Lyon. 

2.2.1. 1.  Contraintes  anlhroaornktrioties 

II  existe  une  grande  variabililitk  dans  la  morphulogie  de  la 
tkte  humaine.  Pour  pouvoir  kite  utilisk  efficacement 
I’kquipement  doit  ktre  le  plus  parfaitement  possible  ajustk  k 
la  morphologie  du  pilote.  L'idcntification  de  cctie 
contrainte  fait  appel  k  des  ktudes  anthropomktriques.  De 
nombreuses  bases  de  donnkes  existent,  certaines 
s’intkressent  en  particulier  k  la  motphologie  de  la  tkte  et  de 
la  face  (3).  Ces  bases  dc  donnkes  permettent  de  dkfinir, 
dans  les  repkres  classiqurs  utilisks  en  anthropomktrie,  les 
prindpalcs  donnkes  nkcessaires  k  la  conception  des 
kquipements,  emplacement  des  yeux,  forme  et  dimensions 
de  la  tkte,  emplacement  et  morphologie  des  pavilions 
auditifs. 

Z2  LL..  Conirainies  biomkcaniQues 

Le  cou  du  pilote,  en  particulier  du  pilote  de  chasse,  est 
^stkmatiquement  robjet  d’agressioiis  likes  k 
renvifonnenieni  du  vol  (accklkratioru  ,  vibrations).  Les 
Iksioiu  qui  peuvent  rksultcr  de  ces  facteurs  d’agressions  ont 
ktk  ampicment  docurnentkes  (10).  De  plus,  des 
circonstances  exceptionnellea,  comme  lea  kjections  ou  lea 
stterrissages  forcks,  son!  kgalement  susceptibies  d’entralner 
des  bicssures  graves. 

La  masse  additionnelle  reprkientke  par  I’kquipement  de 
tkte,  si  elle  est  excessive,  va  directement  aggraver  cette 
situation.  Lea  ktudes  de  biomkeanique  (8,  9)  montrent, 
qu’outre  le  problkme  de  I’accroissement  du  poids  supportk 
par  le  cou,  I’kventuel  dkplaccment  du  centre  de  gravitk  de 
la  tkte  kquipke  et  les  caraetkristiques  d’motie  de 
I’equ^pemeni  peuvent  kgalement  poser  un  problkme  dans  le 
donwine  de  la  ikcutitk.  U  faut  kgalement  ktre  bien 
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conscicnt  que  lei  coiuicKralioiu  itatiquci  prentnt 
uniquemenl  en  comp<e  Ic*  couplet  et  forcei  mulmalet  en 
cBuie  tone  Itirgement  iniulTiMntet  pour  ritoudre  ce 
problimc.  La  rtponts  biomdcariique  de  Ii  t®te  il  det  forcet 
•ppliqu6et  de  I'actdrieur  stt  en  effet  trit  d^pendanto  du 
domaine  rriquenliel  de*  Mimulatioiu.  Seulet  let  approchet 
fondtet  tur  I’utiluation  dc  Mimulatioiu  dynamiquet  peuvent 
e«p6rer  reiidre  compte  de*  limites  de  tolirance  du  cou,  en 
particulier  via  k  vi*  de*  accdliralioiu  -f  Gz. 


Un  iquipement,  quel  qu’il  aoit,  ne  peut  prdtendre  tut 
riellement  opdrationnel  que  »’U  appoite  i  I’utiliiateur  un 
confort  MifTitant.  En  fait,  U  ne  faut  pa*  oublier  que  ce 
confort  CM  tualement  un  gage  important  d’eflicadti.  Pour 
ce  qui  conceme  I’dquipement  de  l4te  et  plu* 
particulifcrement  le  viteur  de  casque,  diffdrsnts  poii.ts  aont  t 
prendre  en  considdration. 

C’eM  en  premier  lieu  le  problime  du  confort  thermique.  La 
conception  de  rdquipement  doit  coniporter  le*  mesure* 
pauives  ou  aaive*  visant  i  rendre  minimale  la  charge 
thermique  au  niveau  de  la  I4tc.  La  libert4  de  mouvement  de 
la  tite  constitue  dgalcment  un  point  important  qui  partidpe 
i  I’efncadtd  de  I'dquipement.  La  personnaUsation  de 
I’dquipcment,  pour  la  part,  n’cat  pas  seulcment  un  dldment 
de  confort.  II  est  bien  connu  qu'un  iquipement  trop  ajusti 
peut,  apris  quelque  temps  de  port,  se  r6v£ler  tolalcment 
insupportable  en  raison  des  phdnomUnes  douloureur  qu’il 
entratne.  D’un  autre  cdt6,  afin  de  minimiser  les  rtglages  et 
d'assurer  une  bonne  Mabiliti  du  casque  sur  la  ttte,  il 
convient  d'avoir  un  revdtement  interne  relativement  ferme 
et  adaptd  1  la  forme  du  crine.  A'ltodt  t  une  contention 
efflcace,  la  personnaUsation  de  I'dquipement  repr6sente 
done  une  nioessiti  pour  le*  tquipements  fututs.  La  fatigue 
resultant  du  port  de  rdquipement  eat  igalemcn!  unc  source 
de  prioccupation  importante  pour  le  maintien  de 
I'eincadtd  du  pilote.  On  rejoint  id  les  considerations 
biom6caniques  de  masse  de  centre  de  graviit  et  d'inertie 
qui  ont  ^t^  dvoquies  pour  les  aspects  de  sdcuritd.  En  fait  le* 
itude*  biomfeaniques  mendcs  sur  ce*  dilKrents 
sdcuritd,  fatigue  et  mobUit^,  montrent  que  de*  cumpromis 
seront  n6ccs*aire*  pour  assurer  I'efTicadti  opirationneUe. 

2JJ.  Coalraintes  opdratioiiBclles  «t  d'ioldgratioa  au 
porteur 

Les  conditions  de  voi  impUquent  I'utilisation  de  visiere* 
comme  moyen  de  protection  oculaire.  La  manipulation  des 
visitres  dor'  pouvoir  ttre  ciTcaude  fadlement  en  vol,  mCme 
dans  le  cas  le  plu*  ddfavorable  oO  deux  visiircs  sont 
utilisde*.  En  particulier  le  pilote  doit  pouvoir  acedder 
fadlement  i  son  visage  en  cas  de  beioin.  De  la  rnCme  fafon, 
les  rdglagcs  interpupUlaires  de  syMdmc*  de  visualisation 
binoculairet  doivent  Ctre  fadlement  accessibles  mCme  avec 
des  ganu. 

Les  contralntei  d’intdgration  au  porteur  font  appel  i  une 
coUaboration  btroite  avec  les  avionneura.  EUes  comportent 
les  probldme*  de  compatibilitd  ^pectraie  (dclairage  cabine 
pour  la  panic  visualisation),  le  chsminement  de«  dbles  et 


I'encombrement  de  I’dquipement  de  tfitc,  enfln  les 
problbme*  lid*  t  I’iinplantation  de  rdmeiteui 
dlecsromagndtique  de  la  ddtection  de  position  dc  tCle. 

3.  MmiODOLOCIE  DE  CONCEPnON 

Lea  prindpes  gtndraux  qui,  lur  le  plan  ergonomique, 
guident  la  conception  d'un  dquipement  auisi  complexe 
qu’un  viseur  de  casque  rq>o*ent  sur  I’assodation  de  trois 
lechniquea  fondamentalca.  C’eM  d’une  part  I’utilisation  de 
modilea  de  limulation,  isiu*  pour  la  plupart  de*  dtudes 
amont,  qui  permettent  dc  fixer  de*  valeur*  limite*  et 
tfoptimiser  les  paramitre*  important*,  comme  le  centre  de 
gravitd  ou  I’inenie  de*  dquipements.  C’eM  eussi,  compte 
icnu  de  la  complexitd  mdcanique  dea  qnldmea,  le  recoun  3 
la  conception  asiutde  par  ordinaieur  qui  rend  possible  la 
mahriie  en  temp*  rdel  de*  diversea  esraadristique*  de 
I’dquipcment.  C’eM  enfln  I’utilisation  qrttdmaticjue  du 
maquettage,  aussi  bien  maquettes  ergonomiqu'ia  que 
maquettea  de  cabine  deMinde*  d  vdrifler  la  compatibilitd 
avec  I’enviroiuicment.  Cette  mdthodologie  gdndrsle  sera 
illuMrde  par  quelque*  otemples  prdds. 

3.1.  Prise  to  compte  dea  aipccta  blomdcaniqnct 

La  prise  en  compte  des  contraintes  biomdeaniques  amende* 
par  I’utilisation  d’un  viseur  de  casque  conMitue  une  panic 
importunte  dc  la  ddmarche  ergonomique  qui  doit  ttre 
entreprise  dans  le  cadre  dc  la  concqrtion  de  I’dquipement. 
Les  aspects  de  sdcuritd,  de  confort  ct  de  mobilitd  doivent 
pouvoir  ttre  considdrds  d’une  manitre  globale.  D’autres 
aspects  touchant  le*  probltmes  de  sdcuritd  seront 
dgaiement  abordds  &  titre  d’exemplc. 

3.1.1.  Masac  •  loeitic  •  Centre  de  grarild 

Lc»  prubiemes  lies  a  la  masse,  aux  earaetdristiques  d’inertie 
et  au  ddplacement  du  centre  d’inertie  de  la  ttte  dquipde, 
bdndficient  dc  I’utilisation  de  plusieurs  techniques,  comme 
les  modtles  anthroporndtriquea,  la  conception  ssaiMte  par 
ordinatcur  (CAO),  les  modtles  mathdmatiques  dynamiques. 
La  realisation  de  maquelle  eigonomiques  lomplttc  cette 
ddnuu'che. 

Coupide  avec  I’utilisation  d’un  modtle  anthropomdtrique  de 
ttte  humaine  confu  par  le  LAA,  la  CAO  conMitue  un  outil 
indiqrcnsable  qui  teul  autorise  d’une  manitre  satisfaisante 
la  rcprdsentalion  dans  I’eipacc  d’tquipemenU  complexe* 
complel*.  n  eM  dgaiement  possible  de  calculer  avec  une 
grande  prddsion  les  caraadristique*  globale*  de  rensembic 
mdcanlque  montd  sur  Is  ttte  (majM,  inertie  tt  centre  de 
gravitd)  et  de  rdfdrencer  oet  donndcs  dans  Ic  reptre 
analomique  de  U  ttte.  L’obtention  de  oes  caractdrutlque* 
permec  alor*  de  tirer  pani  des  informations  qui  peuvent 
(Ire  foumie*  par  let  modtles  matlidmeti(|uet  dynamiquet. 

Le*  modtle*  mathdmatiques  de  simulation  de  la  idpoiue  de 
la  Idle  apportent  une  aide  prtcieuae  dans  ce  domaine.  Os 
peimetleiit  en  effet  de  prendre  en  compte  lea  aspect 
d^amique*  des  stimulations  rcncomrte*  en  idronautique, 
tout  particuUtrement  peur  ce  qui  conceme  le*  aspect*  de 
stcurilt,  (Section,  choc  A  I’ouverture  du  ptriduite. 


iUaUtaliM  de  naUsiatlin  «ii  poitMir 
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CTiuh,..).  On  peut  linii  olculer,  en  fonction  <te  U  m«ue  d: 
I’iquipemont  idditionnd  et  de  ceoictiriiitiquet  d'ineitie 
et  de  I'emplscement  de  ion  centre  de  graviti,  !ei 
contraintn  mdcaniquet  rdnillant  d'une  itimulition 
dynamique  appUqude  lu  niveau  du  lyttkme  tCte-cou.  La 
Tigurc  1  donne  un  oemple  de  refTe*  d’une  itimulation  du 
type  Acei  II  (8)  appliquie  direaement  au  niveau  de  la 
chamiire  cervico-donale  (itimulation  du  type  choc  h 
I'ouveiture  dc  parachute).  L’indice  biomdeanique  dludid  id 
at  I'dnergie  ,  rdiultant  de  la  rotation  de  la  tdte  autour  de 
I’axe  y,  tranimiie  au  niveau  dc  la  premiirc  verttbre  doiulc. 
Get  indice  a  itt  avaned  comme  potenliellement  intdreaiant 
pour  la  reprdientation  dea  riaquei  de  iiiion  encouiui  (7). 

Four  ce  qui  conceme  lei  problhmei  de  fatigue  et  de 
toldrrnce  auz  accdldrationi,  lea  probihmea  rencontrii  lont 
plus  complexet  et  loin  d’etre  encore  totalement  rdiolui.  II 
pourrait  en  effet  eiditer  del  contradiction!  entre  lei 
caractdriuiquei  tequiiei  pour  une  idcuritd  optimale,  une 
minimiiation  de  la  fatigue  et  une  coniervation  de  la 
mobility  en  particulier  loui  facteur  de  charge  (6).  Dam  ce 
domaine,  U  eii  particulihrement  illusoire  de  coniiddrer 
uniquement  dea  conditions  itatiquei  et  une  position  neutre 
dc  la  tttc.  C’eit  U  louligner  tout  I'intirCt  que  repriaente 
I’utUisation  de  maquettes  ergonomiques,  dventuellemeni 
utiUsdei  dam  dea  environnements  dynamiquea 
(centrifugeuse,  plate-forme  vibrante). 

Lea  maquettes  ergonomiques  permettent  par  ailleurs  de 
tester  It,  fonctionnenient  dea  diffirents  composants 
mtcaniques  mobiles  dea  dquipements.  Priaenttea  i  dea 
pilotea  et  aux  spdcialiatea  dea  factcun  humaim  ellea 
constituent  une  dtape  fondamentale  de  la  demarche 
ergonomique  utilisde  dam  le  diveloppement  d'un  viscur. 


3.1  J.  Cs^sci^!ist!qu^s  siructurclles  ct  a^rodjuasiquea 


La  moddlisation  des  caraadristiques  itruct>>relles  et 
adrodynamiques  de  la  coque  du  casque  lupportant  le  viseur 
constitue  dgalemcnt  un  point  intdreasant  pour  lea  aspects 
ergonomiques  de  la  conceotion. 

La  rdaistance  structurelle  eat  un  dldment  impo.tant  dc  la 
protection  dc  la  tdte  lors  des  chocs.  D’autre  part,  lea 
ddformatiom  et  contraintea  sous  reffet  de  forces  appliqudes 
de  rextdrieur  (accdldrationa,  chocs,  acsiom  dc  rutiUsateur) 
n  iritent  d'etre  analysdes  pour  optimiser  I’lmplantation  dea 
diiidrents  dldmenta  opiiques  et  mdcaniques  conitituant  le 
viscur.  L'effet  de  souflle  lubi  par  le  pilote  lors  de  I’djection 
d’un  avion  de  combat  amdne  souvent  la  perte  du  casque  et, 
dventucUement,  I’apparition  de  lisiom  du  systdme  tdte-cou. 
L’dtude  des  caraadriitiques  adrotiynamiques  de 
I’dquipement  de  itte  constitue  done  un  point  intdressant. 
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L’intdgration  de  I’dquipement  au  porteur,  outre  let 
nombreux  aspects  purement  techniques  qu’elle  comportc, 
prdsente  dgalement  ceitaim  aspects  ergonomiques.  Ce  lont 
etsentiellement  lea  probldmes  de  dndmatique  et 
d’identifleation  dea  masques  visuels.  Comme  pour  les 
aspocu  biomdeaniquea,  la  mdthodologie  de  conception 
rqroae  sur  I’utilisation  dc  techniques  de  simulation  et  de 
maq>-ettage  (maquettes  ergonomiques,  d’encombrement  de 
I’dquipement  dc  tdte,  maquettes  de  cockpit). 

La  simulation  au  moyen  de  moddlea  mathdmaLiquei 
anthropomdtriques  de  la  dndmatique  de  la  tdte  du  pilote 
dquipd  du  casque  lore  de  divers  types  de  mouvement 
permet  de  vdriTrer  la  non-interfdrcnce  de  I’dquipement  avec 
la  atnicture  du  porteur.  Ces  dtudes  atm  gdndralement 
compldtdos  par  dea  maquettagn  en  grandeur  tdelle  qui 
permettent  de  vdrificr,  pour  un  dchantillon  dc  pilotea,  lea 
rdsultats  obtenus  lore  des  simulatiom.  Le  travail  sur 
maquette  constitue  dgalement  un  moyen  commode  pour 
identilrcr  prddsdment  les  dventuels  masques  visuels  et  y 
remddier. 


4.  CONCLUSIONS 

La  prise  en  comple  des  factcure  ergonomiques  dam  la 
conception  dea  visuels  de  casque  coitstituc  un  didmeni 
fondamental  d’une  ddmarche  visant  k  assuier  I’efficadld 
opdrationneUe  du  produit  final.  Diffdrents  points  mdritent 
d’dtre  soulignda. 

La  ddmarche  ergonomique  doit  dtie  rdalisde  dds  let 
premiere  itadcs  dc  la  conception  de  I’dquipement, 
simultandnient  avec  le  ddveloppement  du  concept  retenu 
pou'.  ia  visionique.  EUe  ncccssiie  une  synergie  dc  tout  ies 
instants  entre  les  dilTdrenlet  parties  prenantca, 
dquipementier,  avionneur,  utilitareun,  laboratoires  de 
redterche.  EUe  impUque  dgalement  une  grande  ^Tietgie  des 
mdtien  dans  la  realisation  mdme  de  I’dqulpoment, 
dlectronique,  optique  ,  mdcanique,  facteure  humains.  Ces 
a^tects  multidisciplinaires  cons  'tuent  en  fait  I’essence 
mdme  de  I'ergonomie. 

Enfin,  ia  mite  en  oeuvre  de  mdthodes  dc  conc^ion 
dvoludes,  comme  I’utilisation  dc  moddles  malhdmaiiquea  de 
simulation,  de  la  CAO  et  des  techniques  de  maquettage 
apparalt  dgalement  comme  un  dldment  indispensable  de 
cette  ddmarche. 


kdfdrencai  blfallograDhlgiica 


Let  techniques  de  simulation  utilisant  te  maillage  par 
didments  finis  permettent  de  r^ndre  h  cc  type  de 
oonsiddtation  aussi  bien  pour  let  contraintes  mdcaniques 
qu’adrodyitamiquet.  EUea  constituent  done  un  apport 
Intdreatant  dans  cea  deux  domaines. 
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Figure  1  :  Matricc  dcs  valcurs  d'dncrgic  dc  rotation  au  niveau  dc  D1  (cn  Joules),  calculdcs  par  un  mod6Ie 
matbdmatiquc  du  syst£mc  tiitc-cou,  cn  function  dc  la  masse,  dc  I’incrtic  cl  dc  I’cmplaccmcnt  du  centre  dc  gravity 
de  I’fquipcKcnt  par  rapport  au  centre  de  gravity  dc  la  Icte  nue.  Xa  csl  la  position  du  centre  dc  gravity  sur  I'axc 
X  (positif  vers  I’avant),  Za  est  la  position  sur  I'axe  Z  (positif  vers  le  baut).  La  masse  additionnclle  concerndc  cst 
dc  1,5  kg,  pour  unc  incrtic  de  0,5  kg.m2.  Lcs  valcurs  ies  plus  faihles  obtenucs  pour  chaque  pas  de  calcul  cn  X  ont 
£t£  cocadr£cs. 
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